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PREFACE 


Hie  charts  in  this  Handbook  have  been  prepared  from  basic  data  supplied 
by  representatives  appointed  in  each  country,  thus  assuring  that  the 
information  is  the  best  available  at  the  present  time.  These  representa¬ 
tives  are  also  responsible  for  the  approval  of  their  National  Section, 
and  the  preparation  of  the  Handbook  has  been  possible  only  with  their 
enthusiastic  co-operation. 

The  representatives  who  assisted  in  the  preparation  of  Volume  III  are:- 

Belgium  -  Lt.  Col.  A.  Parot,  Belgian  Air  Force 

Canada  -  H.  V.  Kinsey,  Department  of  Mines  ft  Technical  Surveys 

France  -  J.  Faguet,  Service  Technique  Aeronautique 

Germany  -  Dr.  Ing.  K.  Reichel,  Stuttgart-Zuffenhausen 

Italy  -  Ing.  T.  Ivaldi,  Fiat,  Divizione  Aviazione 

Netherlands  -  H.P.  van  Leeuwen,  Nationaal  Luchtvaartlaboratorium 
Norway  -  Capt.  E.  Tandberg,  Royal  Norwegian  Air  Force 

United  Kingdom  -  F.  Clifton,  Royal  Aircraft  Establishment 
United  States  -  D.  Shinn,  Wright  Air  Development  Center 

Hie  charts  will  be  reissued  from  time  to  time  as  additional  or  improved 
data  become  available,  and  it  is  envisaged  that  Handbook  may  be 
extended  at  a  later  date  to  include  other  materials,  in  Particular  re¬ 
fractory  metals. 

Users  of  the  Handbook  are  invited  to  comment  to  the  Panel  on  the  data 
or  on  the  form  of  presentation,  and  consideration  will  be  given  to  these 
comments  in  the  preparation  of  further  issues. 


Richard  V.  Rhode, 

Chairman 

Structures  and  Materials  Panel 
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INTRODUCTION  TO  VOLUME  III 


PURPOSES  AND  USES  OF  THE  HANDBOOK 

A  thorough  knowledge  of  relevant  material  properties  is  a  fundamental  requirement  of 
efficient  aircraft  design.  Furthermore,  a  careful  comparison  of  different  materials, 
and  particularly  materials  produced  by  different  countries,  is  often  of  great  value 
when  considering  manufacture  under  licence,  modification  or  repair.  Much  of  the  basic 
information  necessary  for  such  a  comparison  is  already  available,  although  it  is  often 
widely  scattered.  The  purpose  of  this  Handbook  therefore,  is  to  collect  the  available 
information  on  aircraft  materials  produced  by  the  nations  of  the  NATO  alliance,  and  to 
present  this  information  in  a  consistent  and  systematic  form. 

In  addition  to  its  uses  as  a  standard  reference  book,  this  Handbook  could  be  used 
as  an  aid  in  the  comparison  of  test  results  and  in  the  comparison  of  the  encineering 
practices  of  the  various  NATO  nations.  It  could  also  be  used  to  give  an  indication  of 
some  unknown  property  of  a  material  by  comparison  with  other  similar  materials  whose 
relevani  properties  are  known. 


It  is  hoped  that  an  outcome  of  the  establishment  of  a  standard  format  will  be  to 
encourage  producers  and  others  in  all  the  NATO  nations  to  record  material  properties 
in  this  form. 


SCOPE  OF  VOLUME  III  OF  THE  HANDBOOK 

This  third  volume  of  the  Handbook  deals  with  those  magnesium,  nickel  and  titanium 
alloys  which  are  of  most  interest  for  structural  use  in  aircraft  of  the  NATO  nations. 
Nickel  and  titanium  alloys  which  are  used  only  for  castings  or  for  rivets  have  not  been 
included.  However,  a  large  proportion  of  magnesium  alloy  is  used  in  the  cast  form  and 
magnesium  casting  alloys  have  been  Included  in  this  volume.  This  has  necessitated  the 
introduction  of  a  classification  of  three  types  of  test  for  use  in  the  Static  Proper¬ 
ties  charts.  The  classification  is  explained  on  p. 3  of  this  Introduction. 

The  nations  for  which  data  are  included  in  this  first  issue  are  Canada,  France, 
Germany,  Italy,  the  Netherlands,  the  United  Kingdom  and  the  United  States.  It  has 
been  established  that  none  of  the  other  NATO  nations  produce  magnesium,  nickel  or 
titanium  alloys  which  are  used  structurally  in  aircraft. 


GENERAL  LAYOUT 

The  data  are  divided  into  National  Sections,  each  section  dealing  with  the  alloys 
produced  by  one  country. 
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In  each  National  Section  there  is,  for  each  distinct  alloy,  or  group  of  alloys,  a 
set  of  sheets  which  give  data  on  the  physical  and  mechanical  properties,  both  at  room 
and  elevated  temperatures.  Preceding  these  sheets  are  Introductory  Notes  which  give 
general  information  and  amplify  such  points  as  the  designations  and  specifications  of 
the  alloys,  heat  treatment,  testing  procedures  and  other  information  which  it  is  not 
practicable  to  include  on  the  charts.  It  is  advisable  that  these  Notes  should  be  read 
carefully  before  using  any  of  the  charts. 

To  facilitate  the  addition  of  information  a  loose  leaf  format  has  been  adopted. 


PRESENTATION  OF  DATA 

The  data  are  presented  in  tabular  rather  than  graphical  form.  This  presentation 
has  the  merit  of  simplicity,  the  data  take  up  less  space  and  modifications  or  altera* 
tions  are  simple  to  carry  out.  Where  variation  of  properties  with  respect  to  two  or 
more  variables  is  involved,  the  choice  of  the  most  suitable  variable  as  the  abcissa 
will  depend  on  the  use  to  which  the  data  are  to  be  put;  the  tabular  presentation  leaves 
the  user  free  in  this  choice.  Also,  when  plotting  curves  for  a  specific  purpose  it 
is  a  simple  matter  to  convert  the  units  when  working  from  tabulated  values. 


The  wording  on  the  charts  is  kept  to  a  minimum,  symbols  replacing  words  wherever 
possible.  The  presentation  is  such  that  little,  if  any,  translation  will  be  required. 

Any  information  which  is  non-standard,  or  any  points  which  need  stressing  are  dealt 
with  by  footnotes,  references  to  which  are  displayed  around  the  edges  of  the  charts 
and  apply  to  rows  or  columns. 
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NOTATION  AND  UNITS 

The  Notation  chart  given  at  the  end  of  this  Introduction  shows  the  symbols  used  for 
the  various  properties.  In  each  National  Section  a  notation  acceptable  by  that  nation 
is  used,  and  the  chart  enables  comparison  of  the  various  notations  used. 

The  units,  which  are  quoted  on  every  chart,  are  those  used  by  the  country  of  origin 
of  the  alloy.  A  chart  giving  Conversion  Scales  enables  easy  and  rapid  conversion  from 
one  system  of  units  to  another.  This  chart  follows  the  Notation  chart  at  the  end  of 
this  Introduction. 

DATA  BASIS 

On  all  the  sheets  giving  mechanical  properties,  there  is  a  statement  on  the  statis¬ 
tical  basis  of  the  information.  This  is  given  as  Data  Basis  ‘A’ ,  ‘B’  or  ‘C’  at  the 
top  of  oach  sheet.  The  coding  for  each  statistical  basis  is:- 

A  -  minimum  guaranteed  values,  i.e.  the  values  listed  are  the 
minimum  to  be  expected. 

B  -  90%  probability  values,  i.e.  the  values  listed  will  be  met 
or  exceeded  by  90%  of  the  material  supplied. 

C  -  Typical  (basis  for  typicality  not  specified). 
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The  preferred  basis  is  *8’,  90%  probability  values,  but  if  these  values  are  not 
available  the  order  of  preference  is  first  Data  Basis  *A'  and  then  V . 

TYPES  OF  TEST  FOR  CASTINGS 

In  the  Static  Properties  charts  for  magnesium  castings  the  properties  are  given  for 
three  types  of  test  which  are  distinguished  by  the  letters  'a',  'b'  and  'c'  on  the 
charts.  The  significance  of  these  is  as  follows. 

a  -  Tests  on  special  separately  cast  test  specimens. 

b  -  Tests  to  find  the  minimum  properties  of  castings  using  specimens  cut  from 
various  locations  in  production  castings. 

c  -  Tests  to  find  the  average  properties  throughout  castings  using  specimens 
cut  from  various  locations  in  production  castings. 

The  results  of  each  type  of  test  may  be  given  to  'Data  Basis  A,  B  or  C  as  defined 
under  'Data  Basis'  in  this  Introduction. 

The  manner  in  which  these  properties  are  applied  for  design  purposes  varies  consi¬ 
derably.  In  general  the  castings  are  designed  and  accepted  on  the  basis  of  one  or 
more  of  the  following  procedures,  depending  on  the  importance  or  degree  of  complication 
of  the  component. 

1)  Acceptance  by  calculation 

2)  Acceptance  by  tests  on  complete  production  castings  loaded  in  a  manner  repre¬ 
sentative  of  working  conditions 

3)  Acceptance  by  tests  on  specimens  cut  from  castings 

4)  Acceptance  by  radiological  or  other  defect  detention  methods. 

The  properties  used  when  designing  by  procedure  (1)  are  either  those  from  Type  of 
Test:  a’  with  a  reduction  factor,  or  those  from  'Type  of  Test:  b’ .  When  procedures 
(2)  and  (3)  are  followed, the  properties  from  ‘Types  of  Test:  b  and  c’  are  required. 
Procedure  (4)  is  used  3lone  only  for  lightly  stressed  parts,  but  great  importance  is 
attached  to  this  when  used  in  conjunction  with  the  other  procedures,  particularly  in 
the  case  of  complicated  castings.  Type  of  Test:  a’  properties  are  also  of  value  in 
the  comparison  of  the  properties  of  alloys  from  different  countries. 

DATA  PRESENTED 

'For  each  distinct  alloy  or  group  of  alloys  a  set  of  charts  is  given  which  include, 
for  various  forms  and  conditions  of  the  alloy,  information  on  the  chemical  composition 
and  physical  and  mechanical  properties  at  room  and  at  elevated  temperatures.  A  complete 
list  of  the  properties  covered  is  given  at  the  end  of  these  notes.  For  some  of  the 
alloys  dealt  with,  the  complete  range  of  data  is  not  yet  available. 

The  General  Properties  chart  gives  the  chemical  composition  of  the  alloy  by  quoting 
the  limits  of  each  alloying  element  as  a  percentage  by  weight  of  the  total,  with  either 
upper  and  lower  limits  or  an  upper  limit  only. 

Mag-Ni-Ti-Al  -Intro. 
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The  General  Properties  chart  also  gives  selected  physical  pi'jperties  of  the  alloy 
at  roots  tenperature  and  at  elevated  temperatures. 

The  Static  Properties  charts  state  the  relevant  official  specifications  and  group 
the  properties  at  room  temperature  according  to  fora,  heat  treatment  condition  and 
thickness  of  the  material.  Two  or  three  rows  are  included  for  some  of  the  properties 
so  that  variation  with  grain  direction  or  other  parameters  any  be  noted . 

For  a  number  of  applications  the  shape  of  the  coapression  stress-strain  curve,  up 
to  about  the  0.5  per  cent  offset  yield  stress,  is  of  interest.  Thus  rather  than  present 
a  large  number  of  typical  curves,  values  of  the  0. 1,  0. 2  and  0, 5  per  cent  offset  yield 
stresses  in  compression  are  quoted.  These  values,  together  with  the  value  of  the 
Modulus  of  Elasticity  in  compression,  may  be  used,  in  a  method  such  as  that  given  in 
the  Royal  Aeronautical  Society  Structures  Data  Sheets  00.02.00,  00.02.04  and  00.02.05, 
to  provide  information  relevant  to  *he  shape  of  the  stress-strain  curve. 

Fbr  the  Fatigue  Properties  chart,  reliable  results  have  been  selected  from  tests  on 
specimens  subject  to  various  loading  conditions.  Brief  descriptions  of  the  test 
specimens  are  given  on  each  chart,  and  further  information  is  given  in  the  Introductory 
Notes  to  the  relevant  National  Section. 

On  the  Short  Tine  Properties  at  Elevated  Temperature  chart  and  the  Recovered  Pro¬ 
perties  after  Exposure  to  Elevated  Temperature  chart,  the  mechanical  properties  after 
various  times  of  exposure  are  expressed  as  percentages  of  their  values  at  room  tempera¬ 
ture.  The  room  temperature  property  on  which  these  percentages  are  based  and  the 
temperature  at  which  it  applies  are  quoted  when  known  at  the  head  of  the  column.  In 
general,  data  are  included  for  temperatures  up  to  the  maximum  working  temperature. 

The  charts  which  give  data  on  creep  are  headed  Properties  under  Load  and  Elevated 
Temperature.  The  first  sheet  gives,  as  percentages  of  the  ultimate  tensile  stress, 
the  stresses  required  to  produce  specified  total  deformations  after  various  times  at 
elevated  temperatures,  A  second  sheet  gives,  as  percentages  of  the  ultimate  tensile 
stress,  the  stresses  required  to  produce  specified  minimum  creep  rates  at  various 
temperatures,  and  also  the  stresses  required  to  cause  tensile  failure  in  a  specified 
time  at  various  temperatures.  As  for  the  other  elevated  temperature  charts,  the  room 
temperature  referenc"  properties  are  given  on  the  charts  when  known. 


{ 
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LIST  OF  PROPERTIES 

The  properties  included  on  the  charts  are  listed  below.  The  properties  are  listed 
in  the  order  in  which  they  appear  for  each  alloy  and  are  grouped  under  the  title  of  the 
relevant  chart. 

GENERAL  PROPERTIES 

Chemical  composition 


Physical  properties 

Density 
Specific  heat 

}  Thermal  conductivity 

Coefficient  of  thermal  expansion 
Bnissivity 

4 

STATIC  PROPERTIES  j 

Ultimate  stress  in  tension  l 

Offset  yield  stress  in  tension  j 

0. 1  per  cent  offset  yield  stress  in  compression  5 

0. 2  per  cent  offset  yield  stress  in  compression 

0. 5  per  cent  offset  yield  stress  in  compression  | 

Ultimate  shear  stress  5 

Ultimate  bearing  stress  > 

Yield  rv.ress  in  bearing 

Modulus  of  elasticity  in  tension 

Modulus  of  elasticity  in  compression 

Shear  modulus 

Ultimate  elongation 

FATIGUE  PROPERTIES 

Rotating  bending  test 
Reversed  flexure  test 
Repeated  axial  load  test 
Alternating  torsion  test 

SHORT  TIME  PROPERTIES  AT  ELEVATED  TEMPERATURES 

Ultimate  tensile  stress 

Offset  yield  stress  in  tension 

0. 2  per  cent  offset  yield  stress  in  compression 

Ultimate  shear  stress 

Yield  stress  in  bearing 

Elastic  modulus 

RECOVERED  PROPERTIES  AFTER  E..0SURE  TO  ELEVATED  TEMPERATURE 

Ultimate  tensile  stress 

Offset  yield  stress  in  tension 

0. 2  per  cent  offset  yield  stress  in  compression 

Ultimate  shear  stress 

PROPERTIES  UNDER  LOAD  AND  ELEVATED  TEMPERATURE 

Time  to  creep  to  various  deformations 
Minimum  creep  rate 
Time  to  tensile  failure 

February  1983  \ 
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1.  Introductory  Notes. 
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Magnesium  Alloys 

Title  of  Chart 

Issue  No. 

Date 

AZ  91 

General  Properties 

1 

Feb.  1962 

Static  Properties 

1 

N 

EZ  33 

General  Properties 

1 

It 

Static  Properties 
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It 

Short  Tine  Properties  at  Elevated  Tesperature 
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It 

HZ  32 

General  Properties 
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It 

Static  Properties 

1 

It 

Short  Tine  Properties  at  Elevated  Temperature 

1 

II 

ZK  61 

General  Properties 

1 

II 

Static  Properties 

1 

« 

March  1962 
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CANADIAN  SECTION 
INTRODUCTORY  NOTES 


The  Introduction  to  Volume  III  of  this  Handbook  explains  the  general  layout  adopted 
for  the  presentation  of  the  data,  together  with  details  of  properties  considered  and 
the  explanation  of  various  tents.  The  purpose  of  the  following  notes  is  to  amplify 
these  points,  where  necessary,  in  relation  to  those  Canadian  alloys  which  are  included. 


DESIGNATION 

The  designations  of  the  Canadian  magnesium  alloys  are  descriptive  of  the  composition 
of  the  material.  The  designation  consists  of  an  initial  group  of  letters  indicating 
the  main  alloying  elements  followed  by  numbers  which  signify  the  approximate  average 
percentage  content  of  each  of  these  elements. 


The  letters  used  to  Indicate  elements  are  as  follows: - 


A  -  Aluminium 
E  -  Rare  Earth  Metals 
H  -  Thorium 


K  -  Zirconium 
Z  -  Zinc 


Thus  EZ33  is  a  magnesium  alloy  containing  3  per  cent  rare  earth  metals  and  3  per 
cent  zinc. 

SPECIFICATIONS 

As  for  all  the  National  Sections,  the  specifications  appropriate  to  the  various 
forms  and  conditions  of  the  alloys  are  indicated  on  the  Static  Properties  charts  wherever 
possible. 

CSA  specifications  are  issued  by:» 

Canadian  Standards  Association, 

235  Montreal  Road, 

Ottawa  2, 

Ontario,  Canada. 


There  is  at  present  no  CSA  specification  for  HZ32  alloy,  and  the  properties  quoted 
are  appropriate  to  the  commercial  specifications  B50  T16B  -  S4  (aged)  issued  by  the 
General  Electric  Company  and  GT  -  M  -  4  (stabilised)  issued  by  Orenda  Engines,  Ltd. 


<&,'«  ■Alii,  1 


MATERIALS  COVERED 

This  Section  of  the  Handbook  lists  the  available  established  data  on  those  magnesium 
casting  alloys  produced  in  Canada  which  are  most  widely  used  in  aircraft  construction. 


CHEMICAL  COMPOSITION 

The  General  Properties  charts  give  the  chemical  composition  by  quoting  the  limits  of 
the  alloying  elements  as  a  percentage  by  weight  of  the  total. 


CONDITION  1 

! 

! 

The  ‘Condition’  row  on  the  charts  refers  to  the  type  of  heat  treatment  and  condi-  , 

tioning.  The  conditions  of  the  various  alloys  are  indicated  on  the  charts  by  symbols 
which  have  the  same  meaning  as  those  used  in  the  United  States  section.  The  symbols  j 

used  in  the  Canadian  section  are  as  follows:  - 


T5  -  Artificially  aged  only. 

T6  •  Solution  heat  treated  and  then  artificially  aged. 

T7  -  Solution  heat  treated  and  then  stabilised. 

NOTATION 

The  notation  used  in  this  Section  of  the  Handbook  for  the  various  physical  and  mech¬ 
anical  properties  of  Canadian  alloys  is  defined  in  the  Notation  Chart  in  the  Introduc¬ 
tion  to  Volume  III.  This  chart  also  compares  the  notations  used  for  the  other  National 
Sections.  Points  where  any  anplification  is  needed  are  dealt  with  under  the  appropriate 
headings  below. 

UNITS 

The  units  used  for  the  various  parameters  and  properties  are  indicated  on  each  of 
the  charts.  For  mechanical  properties  the  stresses  and  moduli  are  given  in  units  of 
103lb/in2,  whilst  temperature  is  quoted  in  degrees  Centigrade.  For  conversion  to  other 
units  see  the  Conversion  Scales  chart  given  in  the  Introduction  to  Volume  III. 

DATA  BASIS 

The  Introduction  to  Volume  III  of  this  Handbook  describes  the  use  of  the  symbols 
‘A’,  *6’  and  ‘C  denoting  the  data  basis  of  the  values  for  the  various  properties  given 
on  the  charts.  Special  aspects  of  this  in  relation  to  the  values  quoted  for  the 
Canadian  alloys  are  outlined  below. 

A  -  This  indicates  that  the  values  listed  are  minimum  guaranteed  properties,  i.  e. 
specification  properties. 

B  -  Insufficient  data  are  available  to  quote  Data  Basis  ‘B’  values  for  any  of  the 
Canadian  alloys. 

C  -  This  indicates  that  the  values  listed  are  typical  for  the  material,  there  being 

insufficient  data  to  determine  values  for  basis  'A'  or  ‘B’ .  4 

* 

-  2  -  i 

5 


In  general  the  data  basis  used  on  any  chart  is  shown  at  the  top  of  the  chart,  but 
special  attention  oust  be  paid  to  footnotes  which  sonetises  indicate  a  different  basis 
for  some  particular  part  of  the  chart. 

STATIC  PROPERTIES  CHARTS 

Tensile  strength  properties  are  given  for  three  types  of  test  distinguished  by  the 
letters  'a*  V  or  ‘c’  in  the  row  labelled  Type  of  Test' .  The  significance  of  these 
sysbols  is  explained  below. 

TVPE  OF  TEST 

a  -  this  indicates  that  the  values  listed  are  for  separately  cast  test  specimens. 

b  -  This  indicates  that  the  values  listed  are  the  minimum  for  any  single  specimen 
cut  from  a  critical  area  of  an  actual  casting. 

c  *  This  Indicates  that  the  values  listed  are  the  average  of  at  least  four  test  bars 
cut  from  any  area  of  an  actual  casting. 

ELEVATED  TEMPERATURE  DATA 

On  these  charts  the  data  are  presented  as  percentages  of  the  appropriate  room 
temperature  values,  which  are  indicated  when  known  in  brackets  at  the  head  of  the 
colimm.  The  initials  R.T.  signify  that  the  data  were  obtained  from  teBts  conducted  at 
an  unspecified  room  temperature. 
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CHEMICAL  COMPOSITION  (percent) 


CANADA 
AZ  91 

Magnesium  Alloy 


t 


Form 

Al 

Zn 

Mn 

Mg 

Sand 

Casting 

8-3 
9' 3 

0-4 

To 

0-13 

Min. 

Remainder 

PHYSICAL  PROPERTIES 


Property 

Units 

Condition 

Temperature  *C 

R.T. 

U) 

om/cms 

1-81 

c 

ca'/(fln,°C) 

K 

cal,cfr.^cmf  mc.  *c) 

a 

per*CxlO~* 

c 

Data  Basis: 


AAMAnA 
U  HIHHUH 

AZ  91 

Magnesium  Alloy 


GENERAL  PROPERTIES 


CANADA 
EZ  33 

Magnesium  Alloy 


CHEMICAL  COMPOSITION  (per  cent) 


Form 

Zn 

Zr 

Ror* 

Earth* 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

Mg 

Sand 

Casting 

2  5 
A~  0 

|Q 

2  5 
4~0 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

Rtmaindtr 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

PHYSICAL  PROPERTIES 


Property 


Units 


Condition 


Temperature  *C 


R.T. 


In.  No 


GENERAL  PROPERTIES 


CANADA 

ZK6I 

Magnesium  Alloy 


CHEMICAL  COMPOSITION  (per  cent) 


Form 

Zn 

Sand 

Costing 

55 

6-5 

PHYSICAL  PROPERTIES 


Property  Units  Condition 


Temperature  *C 
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Static  Properties 
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General  Properties 

Static  Properties 

G-Z6H 

General  Properties 

Static  Properties 

G-H3Z 

General  Properties 

Static  Properties 
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Static  Properties 
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General  Properties 

Static  Properties 
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N-K20CDAT 

General  Properties 
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June  1961 

Static  Properties 
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Elevated  Temperature 
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Properties  under  Load  and 

Elevated  Temperature,  Sheet  1 
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Properties  under  Load  and 

Elevated  Temperature,  Sheet  2 
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N-C20KTA 

General  Properties 
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Static  Properties 

Short  Time  Properties  at 
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Elevated  Temperature 

Properties  under  Load  and 
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The  Introduction  to  Volume  III  of  this  Handbook  explains  the  general  layout  adopted 
for  the  presentation  of  data,  together  with  details  of  the  properties  considered  and 
the  explanation  of  various  terns.  The  purpose  of  the  following  notes  is  to  amplify 
these  points,  where  necessary,  in  relation  to  those  French  alloys  which  are  included. 

DESIGNATION  OF  ALLOYS 

In  general  the  designation  of  the  alloys  is  based  on  their  mean  chemical  composition, 
The  designation  consists  of  a  series  of  letters  and  numbers. 

The  first  letter  indicates  the  basic  element  (G  :  magnesium,  N  :  nickel,  T:  titanium). 

The  group  of  letters  and  numbers  which  follows  is  separated  from  the  first  letter 
by  a  hyphen.  The  letters  indicate  the  most  important  alloying  elements,  arranged  in 
order  of  decreasing  percentage  content.  The  average  percentage  content  by  weight  of  a 
principal  alloying  element  is  indicated  by  a  number  following  the  symbol  for  that 
element. 

The  symbols  used  are  as  follows: 

A  -  aluminium 
C  -  chromium 
D  -  molybdenum 
Fe  -  iron 
G  •  magnesium 
H  -  thorium 
K  -  cobalt 
M  -  manganese 

As  a  rule,  only  the  percentage  of  the  first  of  the  principal  elements  is  mentioned, 
the  percentage  of  the  others  only  being  added  to  resolve  any  ambiguity  with  a  similar 
alloy. 

e.g.  T  -  A6V  is  titanium  alloy  containing  about  6%  of  aluminium  with  some  vanadium. 
SPECIFICATIONS 

The  specifications  appropriate  to  the  various  alloys  are  indicated  on  the  Static 
Properties  charts  except  where  the  mechanical  properties  requirements  are  based  on  time 
to  tensile  failure  at  elevated  temperature,  when  the  specifications  are  given  in  a  foot¬ 
note  to  the  appropriate  Properties  under  Load  and  Elevated  Temperature  chart. 

-  1  - 


N  -  nickel 
S  -  silicon 
T  -  titanium 
Tr  -  rare  earths 
U  -  copper 
V  -  vanadium 
Z  -  zinc 


The  AIR  specifications  are  issued  by:  i 

» 

Ministers  de  la  Defense  Nationals  et  des  Forces  Armees,  * 

Secretariat  d’  Etat  aux  Forces  Armees  (AIR)  * 

and  copies  can  be  obtained  fron: 

Service  de  Docuaentation  et  d’ Information  Technique, 

Bureau  des  Ventes, 

2  Avenue  de  la  Porte  d*  Issy, 

Paris  XVe. 


AICMA  specifications  are  issued  by: 

Association  Internationale  des  Constructeurs  de  Material  Aeronaut ique, 
6  Rue  Galilee, 

Paris  XVI e. 


However  not  all  the  alloys  are  covered  by  AIR  or  AICMA  specifications.  Others  which 
are  not  yet  standardised  are  included  in  the  Handbook  since  they  are  used  widely  for 
aircraft  construction  in  France. 


ALLOYS  COVERED 


This  Section  of  the  Handbook  lists  the  available  established  data  on  eight  magnesium 
alloys,  two  nickel  alloys,  and  two  titanium  alloys  which  are  widely  used  in  aircraft 
construction  in  France.  The  materials  covered,  together  with  the  forms  in  which  they 
are  produced  are  listed  below.  The  designations  in  brackets  are  also  in  common  use. 


MAGNESIUM  ALLOYS 
G-A9 

G-Z4Tr  (R-Z5) 
G-Z5Zr  (Z-5Z) 
G-Tr3Z  (ZRE1) 
G-Z6H  (T-Z6) 
G-H3Z  (ZTI) 
G-A7Z1 
G-A3Z1 


sand  castings 

sand  castings 

sand  castings 

sand  castings 

sand  castings 

sand  castings 

tubes,  extrusions 

Sheet,  plate,  tubes,  extrusions 


NICKEL  ALLOYS 

N-K20CDAT 

N-C20KTA 


bars,  forgings 
bars,  forgings 


TITANIUM  ALLOYS 

T-A4M 

T-A6V 


bars,  forgings 
bars,  forgings,  sheet 


S!a,Ni,&  Ti-F 


•** 
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CHEMICAL  COMPOSITION 

Hie  chemical  composition  of  alloys  covered  by  an  AIR  Specification  is  given  in  the 
General  Properties  charts  by  quoting  the  limits  of  the  alloying  elements  as  a  percen¬ 
tage  by  weight  of  the  total.  In  those  cases  where  an  alloy  has  not  been  standardised, 
the  upper  and  lower  limits  in  common  use  have  been  quoted.  In  other  cases,  the  analysed 
composition  of  the  material  used  in  the  mechanical  properties  tests  has  been  given. 

CONDITION 

The  ‘Condition*  row  on  the  charts  refers  to  the  type  of  heat  treatment  and  condi¬ 
tioning.  The  conditions  are  given  in  the  French  form  on  the  charts  in  order  to  avoid 
slight  changes  in  meaning  that  might  occur  with  translation. 

An  indication  of  the  meaning  of  the  terms  used  is  given  below,  and  dA’*ils  of  the 
temperatures  and  times  of  the  various  treatments  for  particular  alloys  are  given  in 
the  table. 

Brut  de  filage  dresse  -  As  extruded,  straightened 
Dur  -  Hard 

Homogendise  -  Homogenised 

Hypertremp&  -  Quenched  or  Solution  Treated  at  high  temperature 

Recuit  -  Annealed 

Revenu  -  Tempered  or  Aged 

Traite  -  Heat  Treated 

Treopd  -  Quenched  or  Solution  Treated 

Vieilli  -  Aged 


Al  loy 

Condition 

Heating 

Cool  ing 

G-A9 

Homogendise 

24  hrs.  at  400°C 

Air  quench 

G-Z4Tr 

Vieilli 

2  hrs.  at  330°C 

<0 

O 

artificiellement 

followed  by  16  hrs. 
at  175°C 

Air  cooled 

G-Z5Zr 

Vieilli 

12  brs.  at  175°C 

Air  cooled 

*»» 

artificiellement 

s 

to 

G-Tr3Z 

Vieilli 

16  hrs.  at  175°C 

Air  cooled 

i 

artificiellement 

Ss 

G-Z6H 

Vieilli 

2  hrs.  at  330°C 
followed  by  16  hrs. 

Air  cooled 

artificiellement 

at  200°C 

G-H3Z 

Vieilli 

artificiellement 

.  ......  H 

16  hrs.  at  330°C 

Air  cooled 

Table  continued 
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Ma,Ni,&  Ti-F 


Alloy 

Condition 

Heating 

Cooling 

N-C20KTA 

Kypertremp4, 

4  hrs.  at  1150°C 

>> 

Followed  by 

In  Air 

8  hrs.  at  1080°C 

*< 

Revenu 

18  hrs.  at  700°C 

In  still  air 

-fid 

o 

•a* 

N-K20  CDAT 

Hypertrempe', 

154  hrs.  at  1200°C 

In  Air 

55 

Revenu 

16  hrs.  at  850°C 

In  still  Air 

to 

8“ 

T-AflV 

Recuit 

1  hr.  at  700°C 

•«e 

1 

•w» 

§ 

£ 

Tremp4, 

at  850°C 

Water  quench 

Revenu 

2  hrs.  at  480°C 

In  still  air 

T-A4M 

Recuit 

1  hr.  at  700° C 

NOTATION 

The  notation  used  in  this  Section  of  the  Handbook  for  the  various  physical  and  mecha¬ 
nical  properties  of  the  French  alloys  is  defined  in  the  Notation  chart  in  the  Introdu- 
tion  to  Volume  III.  This  chart  also  compares  the  notations  used  for  the  other  National 
Sections.  Points  where  any  amplification  is  needed  are  dealt  with  under  the  appropriate 
headings  below. 

UNITS 

The  units  used  for  the  various  parameters  and  properties  are  indicated  on  each  of 
the  charts.  For  mechanical  properties,  the  stresses  and  moduli  are  given  in  kg,/am2. , 
whilst  temperature  is  quoted  in  degrees  Celsius.  For  conversion  to  other  units  see  the 
Conversion  Scales  chart  given  in  the  Introduction  tc  Volume  III. 


DATA  BASIS 

The  symbols  ‘A*  and  ‘C  denoting  the  data  basis  of  the  values  for  the  various  pro¬ 
perties  given  on  the  charts  of  the  French  Section  are  explained  below. 

A  -  This  indicates  that  the  values  listed  are  the  minimum  to  be  expected  for  the 
gi\en  material. 

C  -  This  indicates  that  the  values  listed  are  typical  for  the  material,  there  being 
insufficient  data  to  determine  values  for  basis  'A'  or  *B'. 

As  explained  in  the  Introduction  to  Volume  III  the  preferred  basis  is  *8’,  i.e, 
values  which  will  be  met  or  exceeded  by  90%  of  the  material  supplied.  This  data  basis 
is  not  used  on  the  French  charts. 

In  general  the  data  basis  used  on  any  chart  is  shown  at  the  top  of  the  chart,  but 
special  attention  must  be  paid  to  the  footnotes  which  sometimes  indicate  a  different 
data  basis  for  some  particular  part  of  the  chart. 


i 
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TENSILE  STRENGTH 

The  0. 2  per  cent  offset  yield  stress  in  tension  is  given  end  is  denoted  by  the  symbol 

*0,  2  * 

The  sub-headings  V  and  TjT*  used  on  the  Static  Properties  charts  refer  to  the 
longitudinal  and  long-transverse  directions  respectively. 

The  tensile  properties  (R,  E0(  2,k%)  are  obtained  from  test  pieces  selected  and  pre- 
fered  in  accordance  with  the  appropriate  clauses  of  la  Norme  NF  A  03-1011,  obtainable 
from 


L’ Association  Franfais  de  Normalisation  (AFNOR) , 
23,  Rue  Notre  Dame  des  Victoires, 

PARIS  2e. 


ELONGATION 

The  values  of  elongation  given  on  the  charts  are  quoted  as  the  percentage  elongation, 
at  fracture,  of  the  gauge  length.  For  each  alloy  the  values  are  given  from  measurements 
using  a  gauge  length  of  8. 18  */s~  where  S0  is  the  initial  cross-sectional  area  of  the 
test  specimen.  For  details  of  this  test,  reference  should  be  made  to  TjS  Norme  NFA 
03-101' . 

However  for  some  alloys  a  gauge  length  o.f  5,65«/s“  was  used  and  this  is  indicated  by 
a  footnote  on  the  appropriate  chart. 

FORGINGS 

The  Strength  properties  of  forgings  can  vary  markedly,  but  the  values  quoted  give 
an  indication  of  the  level  of  strength  that  might  be  expected  in  a  simple  forging. 
The  properties  given  for  the  nickel  alloy  forgings  refer  particularly  to  turbine  blades. 
For  details  of  testing  and  inspection  of  forgings,  reference  should  be  made  to  the 
specification  AIR  3385. 

CASTINGS 

The  Static  Properties  charts  give  data  for  castings  for  two  types  of  test  specimen. 
These  are  distinguished  by  the  letters  'a'  and  *b'  in  the  row  designated  "Type  of  Test’ . 
The  significance  of  these  values  is  indicated  below. 

*a’  -  This  indicates  that  the  values  given  are  the  properties  for  separately  cast 
test  specimens. 

h’  -  This  indicates  that  the  values  given  are  the  properties  for  specimens  cut  ' 
from  castings  in  an  area  specified  by  the  designer. 

The  properties  of  separately  cast  test  specimens  are  not  used  for  design  purposes, 
being  normally  used  only  for  foundry  control.  However  they  are  of  interest  for  the 
comparison  of  the  properties  of  alloys,  particularly  between  those  of  countries  which 
have  different  methods  of  arriving  at  design  values  for  specimens  cut  from  castings. 


Ti-F 


-  5  - 


It  should  be  noted  that  there  is  often  a  considerable  variation  in  Mechanical  pro¬ 
perties  between  different  areas  of  a  casting.  This  variation  depends  largely  on  the 
local  rate  of  cooling,  which  is  Influenced  by  such  factors  as  the  local  thickness,  the 
pouring  tenperacure,  the  Method  of  feeding,  etc.  However,  it  has  been  found  that  by 
careful  design  and  control  of  foundry  technique  it  is  possible  to  obtain  consistently 
the  properties  quoted  under  "type  of  Test  :  b’  in  a  specified  area  of  the  casting. 

In  other  areas  of  the  casting,  over  which  no  special  precautions  have  been  taken, 
the  properties  may  not  reach  these  values.  For  this  reason,  and  also  because  aany 
castings  are  very  complicated  and  not  alienable  to  accurate  calculation  of  the  stresses, 
great  emphasis  is  placed  on  the  examination  of  the  castings  by  radiographic  means  and 
on  break-up  tests  of  sample  castings. 

Full  Information  on  the  French  requirements  and  procedure  for  the  manufacture  and 
testing  of  castings  for  aeronautical  applications  may  be  found  in  the  publication  AIR 
3380  entitled  ‘Instruction  relative  aux  Pieces  de  Fonderie  Destinees  aux  Constructions 
Aeronautiques’ . 

Copies  may  be  obtained  from: 

Service  de  Documentation  et  d'  Information  Technique, 

Bureau  des  Ventes, 

2,  Avenue  de  la  Porte  d*  Issy, 

PARIS  XVe. 

FATIGUE  PROPERTIES 

The  Fatigue  Properties  charts  give  data  from  rotating  bending  and  repeated  axial 
loading  tests.  The  type  of  specimen  is  indicated  briefly  on  the  charts,  and  details 
of  the  geometry  and  the  elastic  concentration  factors  Kt ,  for  the  notches  are  given 
below. 

The  rotating  bending  tests  were  carried  out  on  smooth  round  specimens  of  two  shapes. 

1)  smooth  specimen  TQM  (torique  grand  model  e)  -  large  toroidal  pattern 

Minimum  diameter  of  specimen  =  6. 5  mm. 

Radius  of  generating  circle  =  105  mm. 

2)  smooth  specimen  CPM  (conique  petit  modfele)  -  small  conical  pattern. 

Diameter  of  section  of  maximum  stress  -  4.66  mm. 

Semi-angle  at  apex  of  cone  =  2° 30'. 

The  repeated  axial  loading  tests  were  performed  on  smooth  and  notched  flat  plate 
specimens. 

1)  Smooth  waisted  Schenk  specimen  (Kt  =  1.05) 

Width  =  IQ  mm. 

Radius  at  root  of  waist  =  62.5  am. 


Ma,Ni,&  Ti-F 


2)  Notched  Schenk  specimen.  (Kt  =  2) 


Width  outside  notch  =  14  om. 

Width  at  root  of  notch  =  10  am. 

Radius  at  root  of  notch  =  2  ma. 

•  3)  Notched  Schenk  speciaen,  (Kt  =  2) 

Width  outside  notch  =  14  aa. 

Width  at  root  of  notch  =  10  nm. 

Radius  at  root  of  notch  =  0.62  am. 

In  all  cases,  the  Noainal  Maximum  Stress'  quoted  on  the  charts  is  the  maximum  stress 
across  the  critical  section  of  the  specimen,  determined  at  the  maximum  load  of  the 
fatigue  cycle,  without  correction  for  stress  concentration  effects.  The  'Stress  Ratio' 
quoted  on  the  charts  is  the  ratio  of  minimum  to  maximum  stress  during  the  fatigue  cycle 
with  compressive  stress  being  taken  negative,  and  tensile  stress  positive. 

It  should  be  noted  that  there  is  always  a  wide  scatter  of  results  with  tests  of  this 
type,  and  the  values  given  on  the  charts  represent  mean  lines  through  the  scatter  bands. 

ELEVATED  TEMPERATURE  DATA 

On  these  charts  the  data  are  presented  as  percentages  of  the  appropriate  room  tempera¬ 
ture  values.  The  room  temperature  value  is  given  in  kg.  /mm2. ,  together  with  the  value 
of  ‘room  temperature’  in  °C,  in  brackets  at  the  head  of  each  column. 

The  elevated  temperature  tensile  test  pieces  and  those  used  for  the  room  temperature 
tests  are  identical,  conforming  to  la  Norme  NP  A  03-101*  with  a  gauge  length  10=8. 16 
except  for  the  titanium  alloys  when  the  AICMA  specimens  are  used  with  a  gauge 
length  of  5. 65*/s^"  .  In  all  cases  the  tests  were  conducted  with  a  strain  rate  of 
between  0.001  and  0.002  mm.  per  mm.  per  minute. 

For  the  Properties  under  Load  and  Elevated  Temperature  charts,  the  data  were  obtained 
from  test  pieces  in  accordance  with  the  specification  AIR  0820.  The  creep  data 
presented  on  these  charts  give  the  stresses  (expressed  as  percentages  of  the  room 
temperature  values  of  R)  which,  at  a  given  temperature,  will  lead 

1)  to  a  permanent  deformation  of  0.2% 
and  2)  to  rupture 

at  the  end  of  the  period  of  time  indicated. 

It  should  be  noted  that  the  creep  deformation  quoted  is  the  permanent  deformation, 
and  does  not  include  elastic  extension  or  thermal  expansion. 

Some  specifications,  for  alloys  for  high  temperature  service,  base  the  strength 
requirements  on  time  to  tensile  failure  at  given  temperatures  and  streises,  rather  than 
on  the  room  temperature  tensile  properties.  In  such  cases  the  actual  stresses,  instead 
of  percentages  of  the  room  temperature  values,  are  quoted  on  che  Time  to  Tensile  Failure 
charts.  The  Data  Basis  is  'A',  and  the  specific  number  is  quoted  in  a  footnote. 
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PROPERTIES  UNDER  LOAD 
AND  ELEVATED  TEMPERATURE 

(SHEET  ) 


Units:  hrs.,  ®C.,  kg./tnm* 

CREEP  DATA 


l-KANUt 

T-A6V 

Titanium  Alloy 


Data  Basis:  C 


Form 

Bars,  Forgings  and  Sheet. 

Condition 
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Volume  III 
Magnesium 
Nickel  and 
Titanium  Alloys 


GERMAN  SECTION 
INTRODUCTORY  NOTES 


The  Introduction  to  Volume  III  of  this  Handbook  explains  the  general  layout  adopted 
for  the  presentation  of  the  data,  together  with  details  of  the  properties  considered 
and  the  explanation  of  various  teras.  The  purpose  of  the  following  notes  is  to  amplify 
these  points,  where  necessary,  in  relation  to  those  German  alloys  which  included. 

MAGNESIUM  ALLOY  SPECIFICATION  AND  DESIGNATION 

In  Germany,  for  the  wrought  magnesium  alloys,  the  specification  and  designation 
given  to  a  material  consist  of  the  letter  W  followed  by  a  Group  of  four  figures,  e.  g. 
W3504. 

For  the  cast  magnesium  alloys  the  specification  and  designation  given  to  a  material 
consists  of  a  group  of  five  figures,  e.  g.  3.5194.  The  first  figure  *3'  indicates  that 
the  material  is  a  light  alloy.  The  group  of  four  figures,  separated  from  the  first 
figure  by  a  dot,  is  the  designation  of  each  particular  alloy.  For  materials  for 
aeronautical  use,  the  last  figure  of  the  five  figure  designation  is  always  *4’. 

MATERIALS  COVERED 

MAGNESIUM  AILOYS 

This  Section  of  the  Handbook  lists  the  available  established  data  on  four  wrought 
magnesium  alloys  and  six  cast  magnesium  alloys.  These  magnesium  alloys  are  the  ten 
most  widely  used  structurally  in  aircraft. 

The  designations  of  the  magnesium  alloys  covered,  together  with  the  forms  in  which 
they  are  produced  are  listed  below: 


W3501  -  Sheet;  tubes;  extruded  shapes 


W3504  -  Sheet 


W3510  -  Tubes;  extruded  shapes 

13515  -  Drawn  and  extruded  rods;  die 
forgings 


Gas  weldable  corrosion  resistant 
magnesium  alloy  with  very  good 
machining  and  good  hot-forming 
characteristics. 

Argonarc  weldable  magnesium  alloy 
with  very  good  machining  and  good 
hot- forming  characteristics. 

Hot-formable  magnesium  alloy  with 
very  good  machining  characteristics. 

Magnesium  alloy  with  very  good 
machining  characteristics. 


-  -  -vet 
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3.5104  -  Sand  castings 


3.5114  -  Sand  castings 


3. 5194  -  Sand  castings;  permanent 
mould  castings;  pressure 
die  castings 

3.6104  -  Sand  castings 


3.6204  -  Sand  castings 


3.6254  •  Sand  castings 


NICKEL  AND  TITANIUM 


Casting  magnesium  alloy  specially 
suitable  for  compact  castings  e.  g. 
undercarriage  struts.  For  tempera¬ 
tures  up  to  100°C.  Not  weldable. 

High  strength  magnesium  casting 
alloy  suitable  for  bulky  structural 
parts  and  hydraulic  pressure  vessels. 
Argonarc  weldable. 

High  Strength  magnesium  casting 
alloy  for  temperatures  up  to  100°C. 
Argonarc  weldable. 

Magnesium  casting  alloy  suitable  for 
bulky  ttructural  parts  and  pressure 
vessels  at  tenperatures  up  to  150°C. 
Argonarc  weldable. 

Creep-resistant  Mg.  alloy  suitable 
for  gas  turbine  housings  and  struc¬ 
tural  parts  where  strength  at  temper¬ 
atures  up  to  250°C  is  required. 
Argonarc  weldable. 

Creep- resistant  Mg.  alloy  suitable 
for  gas  turbine  housing  and  parts 
where  high  strength  at  temperatures 
in  the  region  of  250-320°C  is  requi¬ 
red.  Argonarc  weldable. 


A  range  of  nickel  and  titanium  alloys  is  produced  in  Germany  for  use  in  aircraft 
construction  and  charts  giving  the  properties  of  these  materials  will  be  issued  when 
the  necessary  data  are  available.  The  following  nickel  and  titanium  alloys  used  in 
German  aircraft  construction  are  similar  to  the  U.K.  and  U.  S.  alloys  shown.  The  user 
is  referred  to  the  data  presented  in  the  U.K.  and  U. S.  Sections. 


German 

Designation 

Form. 

Similar  to: 

Specification 

Nickel  Al loy 

2. 4630 

Sheet;  strip;  bars; 
■tubing 

D.T.D.703B  (U.K.) 

D.T.D.  703B 

Titan  un  Alloy 

3.7154 

Bars;  forgings; 
shapes 

6A1-4V  (U.S.) 

Mil-T-9047  Cl.  5 

3s 

i 


Mag-Ni-Ti-Al-D 
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CHEMICAL  COMPOSITION 


The  General  Properties  charts  give  the  chemical  composition  by  quoting  the  limits 
of  the  alloying  elements  as  a  percentage  by  weight  of  the  total. 

It  should  be  noted  that  for  the  alloys  containing  zirconium  the  limits  quoted  are 
for  ‘available'  zirconium,  i.  e.  that  quantity  of  zirconium  which  is  soluble  in  dilute 
hydrochloric  acid. 

CONDITION 

The  'Condition'  row  on  the  charts  refers  to  the  type  of  heat  treatment  and  condition. 
The  designation  used  with  German  magnesium  alloys  is  a  numerical  system.  The  number 
follows  the  alloy  specification  number  and  is  separated  from  it  by  a  dot,  e.  g.  3.5194.8. 
The  numbers  designating  the  condition  have  the  following  meanings: 


WROUGHT  MAGNESIUM  AILOYS 

0  -  as  fabricated 

1  -  soft  (0) 

2  -  half  hard 

3  -  hard 

4  -  solution  heat  treatment  followed  by  natural  ageing  at  room 

temperature  to  a  substantially  stable  condition  (T4) 

5  -  solution  heat  treatment  followed  by  strain  hardening  (T3) 

6  -  solution  heat  treatment  followed  by  stretch  relieving 

7  -  solution  heat  treatment  followed  by  artificial  ageing  (T6) 

8  -  hard  drawn 

i 

|  9  -  special  treatment 

(  For  reference  purposes  the  equivalent  U.  S,  designation  is  included  in  brackets. 

I  CAST  MAGNESIUM  ALLOYS 

The  condition  designations  for  casting  alloys  have  recently  been  revised  but  the 
new  system  is  so  far  only  in  use  for  the  alloys  3.5104  and  3.5114.  The  following 
table  gives  the  meanings  of  the  condition  niaber  for  the  two  systems. 
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Condition 

Number 


For  alloys  3.5104  and  3.5114 


For  Alloys  3.5194,3.6104, 
3. 6204  and  3. 6254 


As  cast 


Sand  castings 


Naturally  aged,  or  quenched  or  homogenized 


Artificially  aged 


Stress  relieved 


Special  treatment,  e.  g.  Stabilized 


Permanent  mould  castings 


Pressure  die  castings 


NOTATION 

The  notation  used  in  this  Section  of  the  Handbook  for  the  various  physical  and 
mechanical  properties  of  the  German  alloys  is  defined  on  the  Notation  chart  in  the 
Introduction  to  Volume  III.  This  chart  also  compares  the  notations  used  for  the  other 
National  Sections.  Points  where  any  amplification  is  needed  are  dealt  with  under  the 
appropriate  headings  below. 

UNITS 

The  units  used  for  the  various  parameters  and  properties  are  indicated  on  each  of 
the  charts.  For  mechanical  properties  the  stresses  and  the  moduli  are  given  in  kg. /mm2, , 
whilst  temperatures  are  quoted  in  degrees  centigrade.  For  conversion  to  other  units 
see  the  Conversion  Scales  chart  given  in  the  Introduction  to  Volume  III. 

DATA  BASIS 

The  symbols  ‘A*  and  ‘C  denoting  the  data  basis  of  the  values  for  the  various  pro¬ 
perties  given  on  the  charts  of  the  German  Section  are  explained  below: 

A  -  This  indicates  that  the  values  listed  are  the  minimum  to  be  expected  for  the 
given  material. 

C  -  This  indicates  the  values  listed  are  typical  for  the  material,  there  being  in¬ 
sufficient  data  to  determine  values  for  basis  A. 

No  data  to  basis  B  are  available  for  the  German  alloys. 


hlag-Ni-Ti-Al-D 
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In  general  the  data  basis  used  on  any  chart  is  shown  at  the  top  of  the  chart,  but 
special  attention  must  be  paid  to  the  footnotes  which  sometimes  indicate  a  different 
basis  for  some  particular  part  of  the  chart. 


TENSILE  STRENGTH 

The  tensile  properties  are  obtained  froa  test  pieces  selected  and  prepared  in 
accordance  with  DIN50125  for  material  in  bar  form  and  with  DIN  50114  for  material  in 
sheet  form.  DIN  specifications  are  issued  by  Deutscher  Noraenausschuss  (DNA),  Berlin 
H15,  and  may  be  obtained  from: 


Beuth-Vertrieb, 

Xoln,  Friesenplatz  16. 

The  sub-headings  V,  liT*  and  'ST*  used  on  the  Static  Properties  charts  refer  to 
the  longitudinal,  long  transverse  and  short  transverse  directions  respectively. 


ELONGATION 

The  values  of  elongation  given  on  the  charts  are  quoted  as  the  percen  tage  elongation, 
at  fracture,  of  the  gauge  length.  For  circular  specimens,  the  gauge  length  is  5  d  , 
where  d0  is  the  diameter  of  the  test  piece  measured  in  the  gauge  length.  Ftor  rectan¬ 
gular  specimens  the  gauge  length  is  5. 35/P,  where  F  is  the  cross-sectional  area  of 
the  test  piece  measured  in  the  gauge  length. 

Details  of  the  test  pieces  and  method  of  test  are  described  in  DIN  50125. 

The  elongation  values  are  measured  in  the  longitudinal  direction  unless  otherwise 
stated  in  the  footnotes. 


CASTINGS 

The  Static  Properties  charts  give  data  on  castings  for  three  types  of  test.  These 
are  distinguished  by  the  letters  ,  V  and  ‘c’  in  the  row  designated  "Type  of  Test'. 
The  significance  of  these  letters  is  indicated  below. 


T¥PE  OF  TEST 

V  -  This  indicates  that  the  values  given  are  for  tests  on  separately  cast  test 
specimens. 

V  -  This  indicates  that  the  values  given  are  the  minimum  properties  obtained  for 
specimens  cut  from  production  castings  in  areas  specified  by  the  designer. 

c  -  This  indicates  that  the  values  given  are  the  average  values  of  at  least  4 
specimens  cut  from  the  same  casting,  at  thin,  medium  and  thick  sections,  in  areas 
specified  by  the  designer. 


The  properties  of  separately  cast  test  specimens  are  not  normally  used  for  design 
purposes,  being  used  mainly  in  foundry  control.  However  they  are  of  interest  for  the 


I 


comparison  of  the  properties  of  alloys,  particularly  between  those  of  countries  which 
have  different  methods  of  arriving  at  design  values  for  specimens  cut  from  castings. 

It  should  be  noted  that  there  is  ofton  a  considerable  variation  in  mechanical 
properties  between  different  areas  of  a  casting.  The  properties  given  under  ‘Type  of 
Test:  b  and  c’  are  for  locations  specified  by  the  designer,  where  particular  care  is 
taken  that  the  feeding,  rate  of  cooling,  etc.,  is  favourable  to  good  properties.  In 
other  areas,  over  which  no  special  precautions  have  been  taken,  the  properties  may  not 
reach  these  values. 

The  separately  sand  cast  test  specimens  are  made  and  tested  to  the  British  Standard 
specification  B.  S.  2L.  101.  Copies  of  this  may  be  obtained  from: 

British  Standards  Institution 
2,  Park  Street, 

London,  V.  1. 

England. 

The  permanent  mould  separately  cast  test  specimens  are  made  and  tested  to  the 
specification  LN  29531.  Copies  may  be  obtained  from: 

Beuth-Vertrieb, 

Ktiln, 

Friesenplatz  16, 

Germany. 

For  specimens  cut  from  castings  the  specification  used  is  either  DIN  50125,  obtain¬ 
able  from  the  above  address  or  the  French  specification  NF  -  A03  -  101,  which  may  be 
obtained  from: 


1’ Association  Fran$ais  de  Normalisation  (AFNOR), 
23,  Rue  Notre  Dame, 

Victoires,  Paris,  2e. 


FATIGUE  PROPERTIES 

The  data  given  on  the  Fatigue  Properties  chart  are  based  on  tests  made  in  rotating 
bending.  A  brief  description  of  the  specimens  is  given  on  the  charts,  and  a  descrip¬ 
tion  of  the  method  of  resting  is  given  in  DIN  50113. 

The  Nominal  Maximum  Stress’  quoted  on  the  charts  is  the  stress  calculated  by  divi¬ 
ding  the  bending  moment  by  the  section  modulus.  In  the  case  of  notched  test  bars, 
the  section  modulus  is  based  on  the  core  or  minimum  cross-section. 

ELEVATED  TEMPERATURE  DATA 

On  these  charts  the  data  are  presented  as  percentages  of  the  appropriate  values  at 
room  temperature. . 

Room  temperature  is  taken  to  be  20°C  except  where  otherwise  stated,  and  the  value 
in  kg. /mm2.,  at  this  temperature,  on  which  the  percentages  were  based, is  quoted  in 
brackets  at  the  top  of  each  column. 


For  the  short  time  tensile  tests  at  elevated  temperatures  the  test  pieces  and 
methods  of  test  are  specified  in  DIN  50112. 


For  the  Properties  under  Load  and  Elevated  Temperature  charts,  the  data  are  obtained 
from  test  pieces  in  accordance  with  the  specifications  DIN  50118  and  DIN  50119. 
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GENERAL  PROPERTIES 


GERMANY 

W350I 

Magnesium  Alloy 


CHEMICAL  COMPOSITION  (per  cent) 


Form 

Cu 

Mn 

Si 

Zn 

Fe 

Ai 

All 

Forms 

005 

max. 

1-2 

2~b 

010 

max. 

003 

max. 

0005 

max. 

005 

max. 

PHYSICAL  PROPERTIES 


Property 


Units 


Condition 


Temperature  °C 


20  100  200  300 


(i)  Volu#  between  20*C  and  temperature  Indicated 
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GENERAL  PROPERTIES 


GERMANY 

W3504 

Magnesium  Alloy 


CHEMICAL  COMPOSITION  (per  cent) 


Form 

Cu 

Mn 

a 

Zn 

Al 

■ 

■ 

■ 

■ 

■ 

Others 

Mg 

Sheet 

005 

max. 

005 

0-40 

EBB 

2-5 

3~5 

■ 

■ 

■ 

■ 

■ 

01 

max. 

Remainder 

■ 

■ 

■ 

jj| 

■ 
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PHYSICAL  PROPERTIES 


Property 

Units 

Condition 

Temperature  #C 

20 

iOO 

200 

300 

r 

«m/oms 

■ 

1-8 

(i) 

C 

Cal/(gm°c) 

1.3 

0  25 

X 

caLcm.j(cm*  MC.  #CJ 

0-25 

to 

a 

per®CxlO“* 

1,3 

26-1 

27-f 

27-9 

6 

Units:  kg./mm*  Data  Basis: 
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Mini  i  v 
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(SHEET  ) 


GERMANY 
W3504 
Magnesium  ANoy 


CHEMICAL  COMPOSITION  (percent) 


Form 

Cu 

Mn 

Si 

Zn 

— 

Al 

■ 

■ 

■ 

■ 

■ 

Others 

Mg 

01 

max. 

n 

hh 

EH 

5.5 

6~3 

■ 

■ 

■ 

■ 

■ 

0-1 

max. 

Remainder 

■ 

■ 
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■ 

■ 

■ 

■ 

■ 
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PHYSICAL  PROPERTIES 


Property 

Units 

Condition 

Temperature  *C 

20 

too 

200 

300 

400 

r 

am/cm! 

0 

1-8 

(i) 

c 

eo,/(gn&) 

0*24 

X 

«tl.cm./(cm*  tee-  *0, 

0195 

0) 

a 

per#CxlO’* 

0 

260 

27-3 

280 

€ 

(I)  Between  20*C  and  temperature  indicotad 
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Units:  kg./mm*  Data  Basis: 


STATS  C  PROPERTIES 

(SHEET  I  ) 


GERMANY 

W35IO 

Maanesium  Alioy 
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GERMANY 

GENERAL  PROPERTIES  W35I5 

Magnesium  Alloy 


CHEMICAL  COMPOSITION  (per  cent) 


Form 

Cu 

Mn 

Si 

Zn 

At 

■ 

■ 

■ 

■ 

■ 

Others 

Mg 

All 

Forms 

0-! 

max. 

005 

0-40 

0  2 

max. 

0_5 

20 

6_5 

8~0 

1 

■ 

■ 

■ 

■ 

01 

max. 

Rsmoinder 

■ 

■ 

■ 

■ 

■ 

■ 

■ 
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PHYSICAL  PROPERTIES 


Property 

Units 

Condition 

Temperature  #C 

20 

100 

200 

300 

r 

9m/om5 

0,7 

1-8 

0) 

c 

ca%m°C) 

0,7 

0-24 

X 

cai.em.^cnv  wc.  *c) 

0'9 

(i) 

a 

per#CxlO'* 

0,7 

263 

271 

27-6 

€ 

(I)  Volu •  •  b«tw»«n  2Q*C  and  t*mp*rotur«  Indicated 


&£2zi 


GERMANY 

W35I5 

Magnesium  Allay 


Units:  hrs,  #C,  kg./mm?  Data  Basis: 


I 

SHORT  TIME  PROPERTIES  GERMANY  j 

AT  ELEVATED  TEMPERATURE  W35I5  $ 

Magnesium  Alloy  , 


GENERAL  PROPERTIES 


GERMANY 

3-5104 

Magnesium  Alloy 


CHEMICAL  COMPOSITION  (per  cent) 


0)B«tw««n  20* C  and  ♦•mporatur*  Indicated. 


mm:  Data  Basis:  A 


STATIC  PROPERTIES 

(SHEET  ) 


GERMANY 

3-5104 

Magnesium  Alloy 


GENERAL  PROPERTIES 


CHEMICAL  COMPOSITION  (per  cent) 


PHYSICAL  PROPERTIES 


(i)B*tw««n  20*C  ond  t*mp#rotur»  indicottd. 


Data  Basis.A 


Oat*  wau  1*41 


GENERAL  PROPERTIES 


GERMANY 

3-5194 

Magnesium  Alloy 


CHEMICAL  COMPOSITION  (per  cent) 


Form  Al  Zn  Mn  Si  Cu 


_  .  8-3  0-3  015  0-3  0-2 

Casting  ,  -  -  - 

10-0  1*0  0-3  max.  max. 


Others  Mg 


Remainder 


PHYSICAL  PROPERTIES 


Property 

r 


Units  Condition 


Temperature  *C 

20  100  I  200  300 


flm;4m3  2,6,8  1-8 


,/(gm°C) 


*ec.  *c)  2,6,8  0-19 


ftFRMANY 

3-5194 

Magnesium  Alloy 


GENERAL  PROPERTIES 


GERMANY 

3-6104 

Magnesium  Alloy 


CHEMICAL  COMPOSITION  (per  cent) 


Form 

Zn 

Mn 

si 

Fe 

Ni 

Cu 

Casting 

3-5 

0-15 

001 

0-01 

003 

5-0 

max. 

max. 

max. 

max. 

max. 

PHYSICAL  PROPERTIES 


O'  Between  2 0*  C  and  temperature  indicated 


STATIC  PROPERTIES 

(SHEET  ) 


GERMANY 

3-6104 

Magnesium  Alloy 
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GENERAL  PROPERTIES 


GERMANY 

36204 

Magnesium  Alloy 


CHEMICAL  COMPOSITION  (per  cent) 


PHYSICAL  PROPERTIES 


€ 


STATIC  PROPERTIES 

(SHEET  ) 


GERMANY 

3-6204 

Magnesium  Alloy 


Units:  hrs.,  °C.,  kg./mm.  Data  Basis: 
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SHORT  TIME  PROPERTIES 
AT  ELEVATED  TEMPERATURE 

(SHEET  ) 


GERMANY 

3-6204 

Magnesium  Alloy 
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ITALIAN  SECTION 


A  range  of  magnesium  alloys  is  produced  in  Italy  for  use  in  aircraft  construction. 
For  the  most  part  these  alloys  are  ordered  to  United  Kingdom  or  United  States  specifi¬ 
cations,  and  the  Italian  alloys  are,  for  practical  purposes,  identical  with  the  equiva¬ 
lent  United  Kingdom  or  U.  S.  alloys. 

For  this  reason  it  i3  not  proposed  in  this  Handbook  to  present  separate  charts 
giving  the  properties  of  the  Italian  alloys,  but  instead  the  user  is  referred  to  the 
data  presented  in  the  United  Kingdom  and  United  States  sections. 

The  table  below  gives  the  designations  of  the  Italian  magnesium  alloys  used  struc¬ 
turally  in  aircraft  and  tee  corresponding  United  Kingdom  or  United  States  designation. 


AZ  31  B 
AZ  80  A 
ZK  60  A 
El  A  9 
El  A  9V 
Z5Z 


NICKEL  ANU  TITANIUM 


U.  S.  specification 
U.S.  specification 
U. S.  specification 
to  U. K.  specification 
to  U.K.  specification 
to  U.K.  specification 


Wrought  Alloy 
Wrought  Alloy 
Wrought  Alloy 
2L. 121  Casting  Alloy 
2L. 122  Casting  Alloy 
L.  127  Casting  Alloy 


No  nickel  or  titanium  alloys  are  produced  in  Italy  for  aeronautical  applications. 


Kofnwc  III 
Mapiesium, 
Nickel  & 
Titanium  Alloys 


NETHERLANDS  SECTION 


In  the  Netherlands  a  number  of  magnesium  alloys  is  produced  for  use  in  aircraft 
construction.  These  are  all  casting  alloys.  They  are  produced  in  close  agreement 
with  United  States  or  United  Kingdom  Specifications. 

As  typical  examples,  the  following  designations  can  be  mentioned. 


UNITED  KINGDOM  DESIGNATIONS 


2L.  121, 
L.  127, 
L.  128, 


2L.  122 
DTD  71 1A 
DTD  748 


UNITED  STATES  DESIGNATIONS 


AZ  63  A 
AZ  91  C 
AZ  92  A 


Reference  should  be  made  to  the  appropriate  charts  in  the  United  Kingdom  and  United 
States  sections  for  the  properties  of  these  alloys. 
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Magnesium  Alloy 

D.T.D.  118A 
D.T.D.  142A 

D.T.D.  259A 

D.T.D.  742 


2L.  121 
2L.  122 


L.  127 
D.T.D.  71 1A 


L.  128 
D.T.D.  748 

Nickel  Alloy 

D.T.D.  10B 
D.T.D.  192 
D.T.D.  196 
D.T.D.  200A 


UNITED  KINGDOM  SECTION 

CONTENTS 

1.  Introductory  Notes 

2.  Charts  as  given  in  the  table  below. 

Title  of  Chart 

General  Properties 
Static  Properties,  Sheet  1 
Static  Properties,  Sheet  2 

General  Properties 
Static  Properties 

General  Properties 
Static  Properties 


D.T.D.  622A  General  Properties 

D.T.D.  626A  Static  Properties,  Sheet  1 

Static  Properties,  Sheet  2 


General  Properties 
Static  Properties 
Fatigue  Properties 

Short  Tine  Properties  at  Elevated  Temperature 

General  Properties 
Static  Properties 
Fatigue  Properties 

Short  Time  Properties  at  Elevated  Temperature 

General  Properties 
Static  Properties 


General  Properties 

Static  Properties,  Sheet  1 

Static  Properties,  Sheet  2 

Short  Time  Properties  at  Elevated  Temperature 

Properties  under  Load  and  Elevated  Temperature 


1  Feb. 1962 

1 

1 


Aug.  1962 


Feb. 1962 


Jan. 1963 
Aug. 1962 
Feb. 1963 


Jan. 1963 


Feb.  1963 


Aug. 1962 


Feb. 1963 


Aug.  1962 
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Nickel  Alloy 


.T.D.  703B 


Titanium  Alloy 


D.T.D.  5003A 
D.T.D.  5013A 
D.T.D.  5023A 
D.T.D.  5033A 
D.T.D.  5063 
D.T.D.  5073 


D.T.D.  5053 
D.T.D.  5143 


D.T.D.  5083 
D.T.D.  5093 


Title  of  Chart 


General  Properties 
Static  Properties,  Sheet  1 
Static  Properties,  Sheet  2 
Fatigue  Properties 

Short  Time  Properties  at  Elevated  Temperature 
Properties  under  Load  and  Elevated  Temperature 


General  Properties 
Static  Properties,  Sheet  1 
Static  Properties,  Sheet  2 
Fatigue  Properties 


General  Properties 
Static  Properties 

Short  Time  Properties  at  Elevated  Temperature 
Properties  under  Load  and  Elevated  Temperature 


General  Properties 
Static  Properties,  Sheet  1 
Static  Properties,  Sheet  2 
Short  Time  Properties  at  Elevated  Temperature 
Properties  under  Load  and  Elevated  Temperature 
Sheet  1 

Properties  under  Load  and  Elevated  Temperature 
Sheet  2 


Jan. 1963 

II 

Aug.  1962 

ft 

Jan. 1963 
Feb. 1963 


Feb. 1962 


Feb.  1963 


Aug. 1962 
Feb. 1963 
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UNITED  KINGDOM  SECTION 
INTRODUCTORY  NOTES 


The  Introduction  to  Volume  III  of  this  Handbook  explains  the  general  layout  adopted 
for  the  presentation  of  the  data,  together  with  details  ui  the  properties  considered 
and  the  explanation  of  various  terras.  The  purpose  of  the  following  notes  is  to  amplify 
these  points,  where  necessary,  in  relation  to  those  United  Kingdom  alloys  which  are 
included. 


DESIGNATIONS  AND  SPECIFICATIONS 

In  the  United  Kingdom,  magnesium,  nickel  and  titanium  alloys  for  aircraft  use  are 
supplied  either  to  British  Standard  specifications  (in  which  ease  the  number  is  pre¬ 
fixed  by  the  letter  ‘L’ ),  or  to  D.T.D.  specifications  which  are  issued  by  the  Director¬ 
ate  of  Materials  Research  and  Development  of  the  Ministry  of  Aviation. 

'D.T.D.'  specifications  are  issued  either  to  meet  a  limited  requirement  not  covered 
by  any  existing  British  Standard  Specification  or  to  serve  as  a  basis  for  inspection 
of  materials  the  properties  and  uses  of  which  are  not  sufficiently  developed  to  warrant 
submission  to  the  British  Standards  Institution  ror  standardisation.  'D.T.D.'  specifi¬ 
cations  may  later  be  replaced  by  British  Standard  Specifications. 

Copies  of  British  Standard  Specification  may  be  obtained  from: 

British  Standards  Institution, 

2,  Park  Street, 

London,  W.  1. 

'D.T.D.'  specifications  are  published  by  Her  Majesty’s  Stationery  Office  and  copies 
may  be  obtained  from: 

H.M.  Stationery  Office, 

York  House, 

Kingsway,  London,  W.C.2. 


ALLOYS  COVERED 

This  Section  of  the  Handbook  lists  the  available  established  data  on  seven  groups 
of  magnesium  alloys,  three  groups  of  titanium  alloys  and  two  groups  of  nickol  alloys. 
Each  group  consists  of  alloys  having  basically  the  same  chemical  composition,  and  each 
specification  within  agroup  refeis  to  a  particular  form  and  condition  of  the  material. 


<'  ) 


These  alloys  are  those  most  widely  used  structurally  in  aircraft,  neglecting  nickel 
and  titaniun  alloys  used  solely  for  castings  or  for  rivets.  A  large  proportion  of 
magnesium  is  used  in  the  cast  form  and  for  this  reason  magnesium  casting  alloys  have 
been  included. 

The  designations  of  the  materials  covered,  together  with  the  forms  in  which  they  are 
produced  are  listed  below: 


MACNESXUM  ALLOYS 


D.T.D. 

D.T.D. 


D.T.D. 


D.T.D. 

D.T.D. 


D.T.D. 


118A  -  Sheet  and  strip 

142A  -  Bar  and  extrusions 

259A  -  Bar  and  extrusions 

622A  •  Bar  and  extrusions 

626A  -  Sheet  and  strip 

742  -  Sheet  and  strip 


2L.  121 
2L.  122  . 


Sand  and  chill  castings 


L.  127 

D.T.D.  711A. 


Sand  and  chill  castings 


NICKEL  ALLOYS 

D.T.D.  10B 

-  Sheet 

D.T.D.  192 

-  Bar,  stampings  and  forgings 

D.T.D.  196 

-  Bar  -  suitable  for  cold  bending 

D.T.D.  200A 

-  Bar 

D.T.D.  703B 

-  Sheet  and  strip 

-  Bar 

TITANIUM  ALLOYS 

D.T.D.  5003A, 

5013A  -  Bar  and  billet  -  suitable  for  welding 

D.T.D.  5023A, 

5033A 

D.T.D.  5063 

-  Sheet  end  strip  -  suitable  for  welding 

D.T.D.  5073 

-  Tubes  -  suitable  for  pipe  tubes 

D.T.D.  5053 

hydraulic  systems  where  : 

-  Bar  and  billets 

D.T.D.  5143 

-  Forgings 

D.T.D.  5083 

-  Bar  and  billets 

D.T.D.  5093 

-  Sheet 

Mag-Ni-Ti-U.K. 
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Although  there  is  no  official  specification  for  bar  material  of  the  composition  of 
D.T.D.  703B,  the  properties  are  given  in  this  section  as  the  material  is  widely  used. 


CHEMICAL  COMPOSITION 

The  General  Properties  charts  give  the  chemical  composition  by  quoting  the  limits 
of  the  alloying  elements  as  a  percentage  by  weight  of  the  total.  In  the  case  of 
magnesium  alloys  containing  zirconium  the  percentage  of  ‘available*  zirconium  is  given, 
i.e,  that  portion  of  the  zirconium  which  is  soluble  in  dilute  hydrochloric  acid. 


CONDITION 

The  ‘Condition*  row  on  the  charts  refers  to  the  type  of  heat  treatment  and  condi¬ 
tioning.  Although  there  are  no  officially  recognised  symbols  to  describe  the  various 
conditions,  for  simplicity  the  following  designations  are  used  in  this  Section: 

MAGNESIUM  ALLOYS 

M  -  As  manufactured,  i.e.  as  rolled,  extruded  or  cast.  This  may  also  include 

annealing  or  stress  relieving  by  tho  supplier 

0  -  Softened 

J4H  -  %  Hard,  cold  rolled 

P  -  Precipitation  treated 

ff  -  Solution  treated 

NICKEL  ALLOYS 
A  -  Annealed 

C.D.A.  -  Oold  drawn  and  annealed  or  cold  rolled  and  annealed 

H.C.  -  Hard  drawn  (rolled  and  tempered,  or  rolled,  drawn  and  tempered) 

H.R.  -  Hot  rolled  or  hot  forged 

TITANIUM  ALLOYS 
A  -  Annealed 

H.T.  -  Heat  treated 

For  details  of  the  times  and  temperatures  of  heat  treatments  reference  should  be 
made  to  the  relevant  material  specification. 


Mag-Ni-Ti-U.K. 


NOTATION 


The  notation  used  in  this  Section  of  the  Handbook  for  the  various  physical  and 
mechanical  properties  of  the  United  Kingdom  alloys  is  defined  on  the  Notation  chart  in 
the  Introduction  to  Volume  III.  This  chart  also  compares  the  notation  used  for  other 
National  Sections.  Points  where  any  amplification  is  needed  are  dealt  with  under  the 
appropriate  headings  below. 


1  UNITS 

■  -  The  units  used  for  the  various  parameters  and  properties  are  indicated  on  each  of 

;  the  charts.  For  mechanical  properties  the  stresses  and  moduli  are  given  in  units  of 

103  lb/in. 2  whilst  temperature  is  quoted  in  degrees  Centigrade.  For  conversion  to 
I  metric  units  see  the  Conversion  Scales  chart  given  in  the  Introduction  to  Volume  III, 


DATA  BASIS 

The  Introduction  to  Volume  III  of  this  Handbook  describes  the  use  of  symbols  ‘A’, 
*B‘  and  *C'  denoting  the  data  basis  of  the  values  for  the  various  properties  given  on 
the  charts.  Special  aspects  of  this  in  relation  to  the  values  quoted  for  the  United 
Kingdom  alloys  are  outlined  below: 

A  -  This  indicates  that  the  values  listed  are  the  minimum  to  be  expected  for  the 
given  material.  The  only  values  considered  ‘guaranteed  minimum’  are  those  for 
ft  and  in  most  cases  tj  and  e  ,  which  are  marked  as  Data  Basis  ’A'  and  which 
are  quoted  for  the  grain  directions  stated  in  the  relevant  specification.  The 
remaining  values  marked  as  data  basis  ‘A*  are  ‘derived’  values;  that  is,  tests 
indicate  that  a  material  just  meeting  the  specification  requirements  for  ft  , 
tt  and  e  would  have  compressive,  shear  and  bearing  strength  equal  to  the 
values  quoted.  Both  minimum  and  maximum  values  of  ft  are  specified  for 
commerci  ally  pure  titanium  which  is  available  in  different  grades  to  comply  with 
forming  requirements. 

B  -  This  data  basis  is  not  used  in  the  United  Kingdom  charts. 

C  -  This  indicates  that  the  values  listed  are  typical  for  the  material,  there  being 

insufficient  data  to  determine  values  for  basis  ‘A’  or  ‘B’ . 

In  general  the  data  basis  used  on  any  chart  is  shown  at  the  top  of  the  chart  but 

special  attention  must  be  paid  to  the  footnotes  which  sometimes  indicate  a  different 

data  basis  for  some  particular  part  of  the  chart. 


STATIC  PROPERTIES  CHART 


Tensile  and  Compressive  Strengths 

In  the  United  Kingdom,  official  specifications  generally  quote  the  0._1  per  cent 
proof  stress  in  tension,  t:  and  thus  this  value  is  given  on  the  charts.  It  should 
be  noted  that  in  ether  National  Sections  the  0.2  per  cent  proof  stress  (or  offset  yield 
stress)  in  tension  is  given. 


Mag-Ni-Ti-U.K. 
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The  sub-headings  ‘L*  .  'LT'  and  'ST  used  with  the  tensile  and  compressive 
strengths  on  the  Static  Properties  Charts  refer  to  the  longitudinal,  long  transverse 
and  short  transverse  directions  respectively. 

The  tensile  properties  are  obtained  from  test  pieces  selected  in  accordance  with 
the  appropriate  clauses  of  the  relevant  material  specifications. 


STRAIN  RATE 

The  tensile  strength  of  titanium  is  dependent  to  a  marked  extent  on  the  strain  rate. 
The  values  of  ft  and  tt  given  on  the  Static  Properties  charts  apply  to  a  strain 
rate  of  0.002  to  0.005  in. /in. /min.  up  to  the  0.5  per  cent  proof  stress,  with  stops 
for  readings  not  longer  than  1  second  and  a  total  stopped  time  not  greater  than  20 
seconds.  Beyond  the  0.5  per  cent  proof  stress  the  strain  rate  Is  between  0.15  and 
0.3  in. /in. /min.  Fuller  details  of  the  testing  procedure  to  achieve  these  strain  rates 
are  given  in  Appendices  to  the  relevant  material  specifications. 


SHEAR  STRENGTH 

The  torsional  ultimate  stress  f^  ,  is  defined  as  the  stress  corresponding  to  the 
maximum  torque  that  the  member  will  sustain,  irrespective  of  whether  failure  is  by 
plastic  shear,  buckling  of  the  wall,  or  a  combination  of  both.  The  values  given  on 
the  charts  were  obtained  from  torsion  tests  on  tubes  and  solid  section  bars,  and  were 
determined  on  the  assumption  that  the  stress  at  any  section  was  directly  proportional 
to  the  distance  from  the  axis  of  the  tube  or  bar.  Where  values  of  fq  are  given  for 
material  informs  other  than  tube,  the  tests  were  carried  out  on  tubes  or  solid  circular 
bars  machined  from  the  form  in  question.  The  tests  were  made  on  specimens  with  a 
length/diameter  ratio  of  about  15  for  tube  materials  and  8  for  bar  materials. 

Values  of  f  are  given  for  a  range  of  values  of  the  ratio  D/t  ,  where  D  and  t 
are  the  external  diameter  and  the  wall  thickness  respectively  of  the  torsion  member. 
Values  of  D/t  of  2.  5  and  10  have  been  taken  for  wrought  alloys  and  11  for  cast  alloys. 

The  parameter  D/t  is  included  on  the  appropriate  Static  Properties  Charts  in  the 
United  Kingdom  section  by  the  alteration  of  the  row  used  for  'Cross-sectional  Area'  in 
the  other  National  Sections. 


BEARING  STRENGTH 

The  symbol  b10  denotes  the  1.0  per  cent  proof  stress  in  bearing.  The  values  are 
derived  from  a  series  of  tests  of  single  bolt  joints  in  plates  and  tubes,  covering  the 
effects  of  clearances,  lateral  support  (such  as  that  given  by  bolt  heads  or  adjacent 
plates),  curvature  of  the  bearing  surfaces  and  ratio  of  pin-diameter  to  plate  thickness. 
b10  is  defined  as  that  stress  which  will  produce  a  permanent  deformation  of  the  hole 
equal  to  1.0  per  cent  of  its  original  diameter. 
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The  dimensions  of  the  test  specimens  are  indicated  in  Figures  1  and  2. 


Note:-  d/t  In  tests  on  wrought  alloys  was  Between  3.3  and  u.5.  For  cast 
magnesium  alloys  d/t  was  Detween  0.7U  and  1.25  and  the  specimens 
were  5*  diameter  flanges  machines  from  flanged  cylinders  of  1.85" 
Internal  dla.  with  test  holes  reamed  to  size  on  a  3.«*  concentric 
circle,  loaded  diametrically 

Fig. 1  Lug  Type  Tests  for  Sheet  and  Plate  Materials 


Note:-  d/t  in  tests  was  approximately  constant  at  5.0 
Fig. 2  Plug  Type  Tests  for  Bar  and  Tube  Materials 

ELASTIC  AND  SHEAR  MODULI 

The  sub-headings  'L'  and  T  used  with  the  elastic  moduli  on  the  Static  Properties 
charts  refer  to  the  longitudinal  and  transverse  directions  respectively.  Throughout 
the  charts  the  values  quoted  for  moduli  should  be  regarded  as  typical,  that  is,  data 
basis  'C' .  This  has  been  emphasised  where  the  data  are  from  unofficial  sources  by  a 
footnote  on  the  chart. 

ELONGATION 

The  values  of  elongation  given  on  the  charts  are  quoted  as  the  percentage  elongation 
after  failure  for  specimens  as  defined  in  the  appropriate  clause  of  the  material 
specification.  The  specimens  have  a  gauge  length  of  four  times  the  square  root  of  the 
cross-sectional  area  or  in  some  instances  2  inches. 


FORGINGS 


The  strength  properties  of  forgings  can  vary  markedly,  but  the  values  quoted  give 
an  indication  of  the  level  of  strength  that  might  be  expected  in  a  simple  forging.  For 
more  complex  forgings  the  strength  may  be  less.  Due  consideration  should  also  be  given 
to  the  effects  of  grain  direction.  For  more  precise  strength  values,  tests  should  be 
made  on  the  complete  forging. 


STATIC  PROPERTIES  CHARTS:  CAST  MAGNESIUM  ALLOYS 

Strength  properties  of  magnesium  castings  are  given  for  two  Types  of  Test  as 
explained  below. 

TYPE  OF  TEST:  a 

The  strength  properties  of  aeroplane  casting  materials  are  controlled  by  specifying 
a  minimum  strength  that  must  be  attained  by  test  bars  east  from  the  same  batch  of 
material  and  under  the  same  conditions  as  the  actual  castings.  These  test  bars  are 
made  and  tested  in  accordance  with  British  Standard  2L. 101.  The  minimum  strength 
values  for  such  test  bars  are  quoted  on  the  Static  Properties  charts  in  the  columns 
headed  ‘Type  of  Test:  a’.  The  data  basis  is  'A',  i.e.  the  minimum  to  be  expected  for 
the  given  material. 

TYPE  OF  TEST:  c 

In  general  the  strength  properties  in  various  parts  of  castings  and  in  different 
castings  differ  from  those  of  the  standard  test  bars.  To  avoid  excess  weight  incurred 
in  allowing  a  sufficient  margin  of  safety  when  designing  by  calculation  based  on 
•Type  of  Test:  a*  strength  values  it  is  usual  to  base  the  acceptance  of  important 
castings  on  strength  tests  made  on  the  actual  castings.  The  strength  values  given  on 
the  Static  Properties  charts  under  ‘Type  of  Test:  c’  are  used  as  a  guide  in  designing 
castings  for  approval  by  test.  The  ‘Type  of  Test:  c‘  values  are  estimates  of  the  mean 
strength  of  all  material  made  to  the  given  specification,  and  have  been  obtained  from 
cut-up  tests  on  specimens  taken  from  test  castings  of  a  standardised  design,  cast  by 
two  or  three  founders.  It  should  be  noted  that  the  geometries  of  the  specimens  used 
to  determine  the  static  properties  are  not  of  the  same  form  as  those  used  for  wrought 
alloys.  The  values  indicate  the  general  level  of  strength  that  can  be  obtained  in 
castings  of  this  type,  but  higher  or  lower  mean  strengths  may  occur  in  individual 
batches  and  other  designs  of  castings.  The  data  basis  is  'C* . 


FATIGUE  PROPERTIES 

The  data,  given  on  the  Fatigue  Properties  charts  cover  tests  in  rotating  bending  and 
reversed  flexural  and  repeated  axial  loading.  A  brief  description  of  the  various 
specimens  tested  is  given  on  the  charts. 

Rotating  bending  tests  were  in  general  carried  out  on  a  Wohler  type  machine.  The 
smooth  specimens  were  round  bars  0.30  -  0.40  inches  diameter.  The  values  of  the  elastic 
stress  concentrations  factor  Kt  for  the  notched  specimens  varied  from  2.0  to  4.0 


Mag-Ni-Ti-U.K. 
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The  reversed  flexural  tests  were  made  on  N. P. L. /Bristol  combined  stress  machines 
with  a  stress  ratio  of  -1.0  using  standard  hollow  specimens  both  smooth  and  with  0.04 
inch  radius  fillet. 

In  all  cases  the  ‘Nominal  Maximum  Stress'  quoted  on  the  charts  is  the  maximum  stress 
across  the  critical  section  of  the  specimen  determined  at  the  maximum  load  of  the 
fatigue  cycle,  without  correction  for  stress  concentration  effects.  The  'Stress  Ratio’ 
quoted  on  the  charts  is  the  ratio  of  minimum  to  maximum  stress  during  the  fatigue 
cycle  with  compressive  stress  being  taken  negative  and  tensile  stress  positive. 

It  should  be  noted  that  there  is  always  a  wide  scatter  of  results  with  tests  of 
this  type  and  the  values  given  on  the  charts  represent  mean  lines  through  the  scatter 
bands. 

On  the  United  Kingdom  Fatigue  Properties  charts,  the  column  headed  ‘Form  and 

I  Condition’  gives  the  appropriate  specification  number  since  this  defines  both  the  form 

and  the  condition  of  the  material.  In  other  National  Sections  this  column  is  headed 
simply  ‘Condition’. 


ELEVATED  TEMPERATURE  DATA 

On  these  charts  the  data  are  presented  as  percentages  of  the  appropriate  room  tem¬ 
perature  value.  The  appropriate  room  temperature  value  of  the  specimens  tested  is 
indicated  when  known  at  the  head  of  the  column.  It  is  not  possible  to  give  precise 
details  of  the  test  specimens  used  in  determining  the  elevated  temperature  properties, 
since  the  test  method  has  not  been  standardised. 

No  data  are  available  for  the  Recovered  Properties  after  Exposure  toElevated 
Temperature  but  it  is  known  that  for  the  Nickel  and  Titanium  alloys  included  the  room 
temperature  properties  are  not  greatly  affected  by  exposure  to  temperature  in  the  normal 
working  range. 

On  the  Properties  under  Load  and  Elevated  Temperature  charts,  creep  data  are  pres¬ 
ented  which  give  the  stress  (expressed  as  apercentage  of  the  room  temperature  value  of 
ft)  which,  for  a  given  time  and  at  a  given  temperature,  will  produce  given  values  of 
total  deformation  or  failure.  It  should  be  noted  that  the  ‘total  deformation’  is  the 
total  plastic  strain  and  includes  neither  the  initial  (or  elastic)  strain  not  the 
thermal  expansion. 


February  1963. 
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CHEMICAL  COMPOSITION  (per  cent) 


Form 

AL 

Zn 

Cu 

— 

s 

1 

Fe 

Ni 
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0  03 
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0-02 

003 

0  005 

Forms 

Max. 
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PHYSICAL  PROPERTIES 


Property  Units 
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Temperature  °C 
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(OBafwtan  20*C  and  t»mp»rotur#  indicated. 


STATIC  PROPERTIES 
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STATIC  PROPERTIES  D.ID.  U8A,  142 A 

(sheet  2  )  Magnesium  Alloy 


GENERAL  PROPERTIES 


D.TD.  259A 

Magnesium  Alloy 
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CHEMICAL  COMPOSITION  ( per  cent) 
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Al 

Zn 

Mn 

Cu 

Si 
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Ni 
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Extrusions 

55 

8~5 

020 

0^40 

01 

Max. 
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PHYSICAL  PROPERTIES 
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GENERAL  PROPERTIES 

U.K. 

D.T.D.74  2 

Magnesium  Alloy 

CHEMICAL  COMPOSITION  (per  cent) 


Form 

Al 

Zn 

Mn 

Ca 

Si 

Cu 

Ni 

Fe 

Mg 

Sheet 

2- 5 

3- 5 

0-6 

1-4 

0-15 

0-7 

0‘3 

Max. 

0  3 

Max. 

005 

Max. 

0-005 

Max. 

0005 

Max. 

Remainder 

PHYSICAL  PROPERTIES 


Property 

Units 

Condition 

Temperature  °C 

20 

100 

200 

300 

400 

U) 

1-77 
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c 

cal/(gm°C) 

0  24 

k 
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0-23 
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a 

per#CxlO’e 
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U)  Between  20*C  and  temperature  indicated. 
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GENERAL  PROPERTIES 


U.K. 

D.TD.622A,626A 

Magnesium  Alloy 


CHEMICAL  COMPOSITION  (per  cent) 


Form 

Zn 

Zr 

Mn 

Cu 

Al 

Si 

Fe 

Ni 

Mg 

All 

Forms 

2-5 

4*0 

0-5 

To 

0-15 

Max. 

003 

Max. 

002 

Max. 

001 

Max. 

0  01 

Max. 

0  005 

Max. 

Remainder 

PHYSICAL  PROPERTIES 


Property 

Unite 

Condition 

Temperature  #C 

20 

100 

200 

300 

400 

OJ 

1-80 

(i) 

c 

c0'/(9mOC) 

0-24 

k 

caLcir-^cm*  mc.  *c) 

0-30 

to 

a 

per*CxlO“* 

27 

€ 

(UBtfwMn  20*C.  and  ♦amparotura  indicotad. 


Units: I05lb./in*  Data  Basis: A 


Dote  pte  jan'«3 


ucncnHL 

rrwren  i  j  ko 

ZL.IZI,  ZL.tZZ 

Magnesium  Alloy 

CHEMICAL  COMPOSITION  (per  cent) 


Form 

At 

Castings 

7-5 

9~0 

015  015 
0-4  Max. 


Fe 

Ni 

Sn 

005 

Max. 

001 

Max. 

01 

Max 

Total  of 

Cm, Si, ft  and  NI. 

Mg 

0-40 

Max. 

fttmalndor 

PHYSICAL  PROPERTIES 


Property 


Units 


Condition 


Temperature  *C 


20  100  200  300  400 


'""/cm5 


l/(gm°C) 


2L.I2I 


2L.I22 


(I)  o  -«  2L.I2I 

a  per  CxIO  1 * 3 


2L.I22 


(I)  Batwaen  20*C  and  tamparatura  Indicated 

(2}Bat«Mn  70*Cond  t8Q*C 

(3)  Botwton  ISO* C  and  300*C 


24-9 

26-5 

27-6 

25-3 

26-7 

279 

Units:  I03lb./in2  Date  Basis: A 


{!)  D/t  *M  (2)  Ooto  Basis- C.  Specimens  cut  from  castings 


GENERAL  PROPERTIES  LI27,  D.T  D.  7IIA 

Magnesium  Alloy 


CHEMICAL  COMPOSITION  (per  cent) 


Form 

Zn 

Zr 

Mn 

Cu 

Si 

- ! 

Fe 

Ni 
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■ 

Mg 

Castings 
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■ 
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PHYSICAL  PROPERTIES 


Property 
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Condition 

Temperature  #C 
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200 
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(0 

c 
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k 
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(0 

a 
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L  127 
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€ 

(1)  Batwaan  20*C  end  tamparotura  indicated. 

(2)  Between  86ond!99*C 

(3)  Between  I99and  3tl*C 


Form  Sand  Castings  Chill  Castings 

Specification  DTD.7IIA  L.127  D.TD7IIA  L.I27 


STATIC  PROPERTIES  L!27,  D.TD.711A 
(sheet  )  Magnesium  Alloy 


(1) Oata  Basie:  C.  Specimens  cut  from  castings. 

(2) 0/r*ll 


GENERAL  PROPERTIES 


U.K. 

L.I28.D.TD.748 

Moqnesium  Alloy 


CHEMICAL  COMPOSITION  (per  cent) 
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Zn 

Ror< 
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Cu 
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Fe 

Ni 

■ 

■ 

■ 

Mg 
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PHYSICAL  PROPERTIES 


Property 
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Temperature  °C 
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a 

per  *Cx'0“* 
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€ 

(l)8«fat#n  20*C  and  temptratur*  indicated. 
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STATIC  PROPERTIES 


LI28,p.TD.748 

mu^nidium  «iiv j 


PROPER  i  itS 


oc.nc.nMi_ 


P 


U.K. 

D.TDJOB,I92,I96£OOA 

Nickal  Alloy 


CHEMICAL  COMPOSITION  (per  cent) 


Form 
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Fe 

Ni 
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Totol 

Impurities 

Cu 

All 

Forms 
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PHYSICAL  PROPERTIES 
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Temperature  *C 
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C 
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k 
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■ 

0)  SttwMn  20*C  ond  t«mp«rotur*  indicated. 


Thickness  (in.) 


Units:  hours,  °C.,  10  Ib./in  Data  Basis:  C 


SHORT  TIME  PROPERTIES  U  K 

AT  elevated  TEMPERATURE  DID.I0Bj92J96,200A 

_ >  Nickel  Aliev 


PROPERTIES  UNDER  LOAD 
AND  ELEVATED  TEMPERATURE 


I  I  t-S 
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I  SHEET  ) 
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Nicki  All' 


Units:  hours,  *C 


Data  Basis:  C 


CREEP  DATA 
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Condition 
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PHYSICAL  PROPERTIES 
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92 
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(l)Bttw««n  20*C  and  tampxratura  indicated. 
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Units:  hours, °C.,  10  ib./in.  Data  Basis: C 
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PROPERTIES  UNDER  LOAD  „  ^ 

AND  ELEVATED  TEMPERATURE  DTD-  703 B 

(SHEET  )  Nickel  Alloy 


Units:hours,°C 


Data  Basis:  C 


CREEP  DATA 


GENERAL  PROPERTIES 


U.K. 

OT  D,  5003A,  50I3A,  5023A 
5033A.5063,  5073 
Titanium  Alloy 


CHEMICAL  COMPOSITION  (per  cent) 
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PHYSICAL  PROPERTIES 
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Specification  D.T.D.5003A  D.T.D.50I3A 


STATIC  PROPERTIES 
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Titanium  Alloy 
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GENERAL  PROPERTIES 


U.K. 

DID. 5053,5143 

Titanium  Alloy 


CHEMICAL  COMPOSITION  (percent) 


Form 

Al 

Mn 

H 

Fe 

■ 

■ 

■ 

g 

■ 

■ 

■ 

Ti 

Bars  8 
Billets 

m 

ES 

30 

5-0 

0-013 

Max. 

0-20 

Max. 

■ 

■ 

■ 

1 

■ 

■ 

■ 

Ramalndar 

Forgings 

3*0 

5  0 
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0-0)5 
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■ 
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PHYSICAL  PROPERTIES 


Property 

Units 

Condition 

Temperature  °C 

20 

100 

200 

300 

400 

00 

9m/cm* 

fl 

C 

C0,/(g-"°c) 
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0-134 

0*141 
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k 

cal  .cm  .^cm*  aac  *c) 

0-017 

0  020 

0-024 

0  025 

0-027 

a(0 

per*CxlO“* 
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(I)  BctwMn  20*C  and  ttmp«?aturf  indicottid. 
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UV/Hl/ 

AND  ELEVATED  TEMPERATURE 

(SHEET  ) 


U.K, 

D.T.D.5053,5143 

Titanium  A  Hoy 


u 

,7} 

& 

5 


Units:  Hours, °C  Dota  Basis:  C 

CREEP  DATA 


Form 

Bar 

Condition 

H.T. 

t  — ► 

O 

too 

300 

OOOI 

2000 

Total 
Deformation 
Par  Cant 

Par  Cant  f,(f,»  149,000  lfc/ln?ot  22*0 

22 

005 

80 

76 

74 

73 

73 

01 

83 

80 

78 

77 

76 

era 

84 

8! 

80 

79 

78 

Si 

85 

82 

81 

80 

79 

1  0 

86 

84 

83 

100 

0-05 

67 

65 

64 

63 

63 

01 

69 

66 

65 

64 

64 

0-2 

70 

67 

66 

65 

65 

0-5 

72 

69 

68 

67 

67 

10 

72 

71 

70 

70 

200 

005 

56 

55 

55 

55 

55 

0-  1 

58 

57 

57 

57 

57 

02 

60 

59 

59 

59 

59 

0-5 

63 

63 

63 

62 

62 

»  0 

Data  fe8«j 
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The  Introduction  to  Volume  III  of  this  handbook  explains  the  general  layout  adopted 
for  the  presentation  of  the  data,  together  with  details  of  the  properties  considered 
and  the  explanation  of  various  terns.  The  purpose  of  the  following  notes  is  to  amplify 
these  points,  where  necessary,  in  relation  to  those  United  States  materials  which  are 
included. 


MAGNESIUM  ALLOY  DESIGNATIONS 


The  designations  of  the  United  States  magnesium  alloys  are  descriptive  of  the 
composition  of  the  material.  The  designation  consists  of  an  initial  group  of  letters 
indicating  the  main  alloying  elements,  followed  by  numbers  which  signify  the  approxi¬ 
mate  average  percentage  content  of  each  of  these  elements.  A  final  letter  is  added  to 
indicate  any  modification  of  the  basic  composition. 

The  elements  indicated  by  the  initial  letters  are  as  follows: 

A  -  Aluminium  M  -  Manganese 

H  -  Thorium  Z  -  Zinc 


K  -  Zirconium 


Thus  AZ91C  is  the  third  modification  of  a  magnesium  alloy  containing  9  per  cent 
aluminium  and  1  per  cent  zinc,  and  AM100A  is  a  magnesium  alloy  containing  10  per  cent 
aluminium  and  less  than  0.5  per  cent  manganese. 

NICKEL  ALLOY  DESIGNATIONS 

The  commercial  designations  are  used  for  the  United  States  nickel  alloys. 

TITANIUM  DESIGNATIONS 

The  designations  used  for  the  United  States  titanium  alloys  are  simple  descriptions 
of  the  approximate  average  i^ercentages  of  the  main  alloying  elements.  E.g.  6A1-4V  is 
a  titanium  alloy  containing  6  per  cent  aluminium  and  4  per  cent  vanadium. 

The  various  grades  of  conmercially  pure  titanium  are  designated  in  accordance  with 
the  percentage  purity  of  the  titanium  e.g.  99Ti  or  99+Ti,  or  alternatively  in  accord¬ 
ance  with  Ft  of  the  material  in  103lb./in.2  e.g.  Ti-70  has  a  yield  strength  of 
70  x  103lb. /in. 2 
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SPECIFICATIONS 


As  for  all  the  National  Sections,  the  specifications  appropriate  to  the  various 
forms  and  conditions  of  the  alloys  are  indicated  on  the  Static  Properties  charts  where- 
ever  possible.  The  sources  of  these  specifications  are  indicated  below: - 


These  are  Military  Specifications  approved  by  the  Department  of  Defense 
for  use  by  the  Department  of  the  Army,  the  Navy  and  the  Airforce. 
Copies  may  be  obtained  from  Commander,  Wright-Patterson  AFB,  Ohio, 
Attn.  EWBFE. 

QQ-M  f  These  are  Federal  Government  Specifications  and  copies  may  be  obtained 
WW-T  1  from  the  General  Services  Administration,  Washington  D.C. 


MIL-M 

MIL-N 

MIL-T 


AMS 


‘  These  specifications  are  aon-Government  Specifications  issued  by 
'  S.A. E.  and  may  be  obtained  from  the  Society  of  Automotive  Engineers, 

.  485  Lexington  Avenue,  New  York  17,  New  York. 


MATERIALS  COVERED 

This  Section  of  the  Handbook  lists  the  available  established  data  on  several  magne¬ 
sium,  nickel  and  titanium  alloys  produced  in  the  United  States.  These  alloys  are 
those  most  widely  used  structurally  in  aircraft,  neglecting  as  explained  in  the 
Introduction  to  Volume  III,  those  alloys  used  solely  for  castings  or  for  rivets,  with 
the  exception  of  magnesium  castings. 

Different  forms  of  a  particular  alloy  are  usually  covered  by  a  different  specifica¬ 
tion  for  each  form.  For  this  reason  the  alloys  are  listed  below  together  with  the 
more  usual  forms  in  which  they  are  produced,  and  the  specifications  relevant  to  those 
forms. 


< 


MAGNESIUM  AILOYS 


Designation 

Specifications 

Form 

AZ31B 

QQ-M-44;  AMS4375;  AMS4376;  AMS4377 

Sheet  and  plate1 

QQ-M- 31 

Extruded  bars;  rods; 
solid  shapes  &  hollow 
shapes 

WW-T-825 

Tubing 

AZ61A 

QQ-M-31;  AMS4350 

Extruded  bars;  rods; 
solid  shapes  &  hollow 
shapes 

WW-T-825 

Tubing 

QQ-M-40;  AMS4358 

Forgings 

Mag-Ni-Ti-Al-U.S. 


Cont ... . 


Designation 


Specifications 


AZ63A 


QQ-M-56;  AMS4420,  AMS4422;  AMS4424  Sand  castings 


Mag-Ni-Ti-Al-U.S. 


QQ-M-55;  AMS4420;  AMS4422;  AMS4424  Permanent  mold  castings 


AZ80A 


QQ-M-31 


Extruded  bars;  rods  and 
solid  shapes 


QQ-M-40 


Forgings 


AMS4360 


Die-forgings  and  hand 
forgings 


AZ91C 


QQ-M-56;  AMS4437 


Sand  castings 


QQ-M-55;  AMS4437 


Permanent  mold  castings 


AZ92A 


Qft-M-56;  AMS4434 


Sand  castings 


QQ-M-55;  AMS4434 


Permanent  mold  castings 


HK31A 


Mil-M-26075;  AMS4384;  AMS4385 


Sheet  and  plate 


QQ-M-56;  AMS4445 


Sand  castings 


AMS4370 


QQ-M-31 


Extruded  bars;  rods; 
solid  Si  hollow  shapes 


WW-T-825 


Tubing 


QQ-M-40 


Forgings 


ZK60A 


QQ-M-31;  AMS4352 


Extruded  bars;  rods; 
solid  &  hollow  shapes 


WW-T-825;  AMS4352 


QQ-M-40;  AMS4362 


Die  forgings 


AMS4362 


Hand  forgings 


AM100A 


QQ-M-55;  AMS4483 


Permanent  mold  castings 


,-7*  ’’■VI 


l*  I."1 11*  E  V.  ■?  ^»fETF 


NICKEL  ALLOT 


Des ignation 

Specifications 

Form 

Inconel  X 

MIL-N-7786;  AMS5542 

Sheet  and  strip 

AMS5667 

Bars;  forgings 

TITANIUM  ALLOYS 


Commercially  Pure 

MIL-T-7993;  AMS4900;  AMS4901; 
AMS4902 

Sheet;  strip  A  plate 

MIL-T-9047  Class  I;  AMS4921 

Bars;  forgings  A 
forging  stock 

AMS4941 

Welded  tubing 

SMn 

MIL-T-009046  Class  I;  AMS4908 

Sheet  and  strip 

4Al-4Mn 

MIL-T-9047  Class  6;  AMS4925 

Bars;  forgings  A  forging 
stock 

6A1-4V 

MIL-T-009046  Class  2;  AMS491I 
MIL-T-9047  Class  5;  AMS4928 

Sheet  A  strip 

Bars;  forgings  A  forging 
stock 

CHEMICAL  COMPOSITION 

The  General  Properties  charts  give  the  chemical  composition  by  quoting  the  limits 
of  the  alloying  elements  as  a  percentage  by  weight  of  the  total. 

CONDITION 

The  ‘Condition’  row  on  the  charts  refers  to  the  type  of  heat  treatment  and  condi¬ 
tioning.  The  conditions  of  the  various  alloys  are  indicated  on  the  charts  by  symbols 
which  are  defined  briefly  as  follows: - 


MA'iNESIUM 


P  -  As  fabricated. 

0  -  Annealed,  recrystallized  (wrought  products  only). 

H  -  Strain  hardened. 
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Mag-Ni -Ti-Al-U.S. 
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HI  plus  one  or 
more  digits 

H2  plus  one  or 
more  digits 

H3  plus  one  or 
more  digits 


Strain  hardened  only. 


Strain  hardened  and  then  partially  annealed. 


Strain  hardened  and  then  stabilized. 


Solution  heat  treated,  unstable  temper. 


Treated  to  produce  stable  tempers  other  than  P,  0  or  H. 
Annealed  (cest  products  only). 

Solution  heat  treated  and  then  cold  worked. 

Solution  heat  treated. 

Artificially  aged  only. 

-  Solution  heat  treated  and  then  artificially  aged. 

-  Solution  heat  treated  and  then  stabilized. 

-  Solution  heat  treated,  cold  worked  and  then  artificially 

aged. 

-  Solution  heat  treated,  artificially  aged  and  then  cold 
worked. 

-  Artificially  aged  and  then  cold  worked. 


NICKEL 

Details  of  the  heet  treatments  for  Inconel  X  are  given  in  the  following  table: 


Condition 


Treatment 

Heated  at:- 
for:  - 

Cooling: - 

Heated  at:- 
for:- 

Cooling:- 


Heated  at:- 
for:  - 

Cooling: - 


Fully  heat  treated 
(Fall  ITT) 

2100  to  2125°P 
2  to  4  hours 

in  air 

1525  to  1575°? 

24  hours 

rapidly  in  air 
to  1300°P  maximum 

1275~'to  1325 °F 
20  hours 

in  air 


Precipitation  heat  treated 

1900  to  2000°F 
15  to  30  min. 

oil  or  water  quench 

1275  to  1325°P 
20  to  30  hours 


Mag-Si -Ti-Al-'U.S. 
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TITANIUM 


Annealing  and  heat  treating  temperatures  and  times  for  titanium  and  titanium  alloys 
are  given  in  the  following  table. 


Material 

Commercially 

Pure 

3Mn 

44i-4tfn 

6AI-W 

Condition 

Treatment 

Annealed 

(Ann.) 

Annealed 

(Ann.) 

Annealed 

(Ann.) 

Aged 

Annealed 

Sheet 

Annealed 
Bar  & 
Forgings 

Heated  at:- 

for:  - 

1000-1300°F 

1  to  2  hours 

1300°F 

1  hour 

1300°F 

2  hours 

1440  to 
1460°F 

1  to  2 
hours 

1300- 

1350°F 

1  hour 

1275- 

1325°F 

2  hours 

Cooling: - 

in  air 

at  300°F 
per  hour 
max. to 
1050°F 

at  300°F 
per  hour 

max. 

water 

quench 

at  50°F 
per  hour 
max.  to 
800°F 

in  air 

Heated  at:- 

for: » 

900°F 

8  hours 

NOTATION 

The  notation  used  in  this  Section  of  the  Handbook  for  the  various  physical  and 
mechanical  properties  of  the  U.  S.  alloys  is  defined  in  the  Notation  chart  in  the 
Introduction  to  Volume  III.  This  chart  also  compare?  the  notations  used  for  the  other 
National  Sections.  Points  where  any  amplification  is  needed  are  dealt  with  under  the 
appropriate  headings  below. 


UNITS 

The  units  used  for  the  various  parameters  and  properties  are  indicated  on  each  of 
the  charts.  For  mechanical  properties  the  stresses  and  moduli  are  given  in  units  of 
103lb./in.2,  whilst  temperature  is  quoted  in  degrees  Fahrenheit.  For  conversion  to 
other  units  see  the  Conversion  Scales  chart  given  in  the  Introduction  to  Volume  III. 


SATA  BASIS 

The  Introduction  tc  Volume  III  of  this  Handbook  describes  the  use  of  the  symbols 
'A’,  *B’  and  'C*  denoting  the  data  basis  of  the  values  for  the  various  properties 
given  on  the  charts.  Special  aspects  of  this  in  relation  to  the  values  quoted  for  the 
U.S.  alloys  are  outlined  below. 


Mag-Ni-Ti-A  l-V.  S. 


A  -  This  indicates  that  the  values  listed  are  the  minimum  to  be  expected  for  the 
given  material.  The  only  values  considered  ‘guaranteed  minimum’  are  those  for 
Ftu  and  Fty  which  are  marked  as  data  basis  'A*  and  which  have  been  published  by 
the  material  producer  for  the  grain  direction  accepted  for  commero  ial  guarantees. 
The  remaining  values  marked  as  data  basis  *A*  are  ‘derived’  values;  that  is, 
sufficient  tests  have  been  made  to  ascertain  that  if  the  material  meets  the  *A’ 
value  for  Ftu,  that  material  will  have  compressive,  shear  and  bearing  strengths 
equal  to  or  exceeding  the  values  listed. 

B  -  Insufficient  data  are  available  on  the  U.S.  magnesium,  nickel  and  titanium  alloys 
to  quote  any  values  to  Data  Basis  *B' . 

C  -  This  indicates  that  the  values  listed  are  typical  for  the  material,  there  being 
insufficient  data  to  determine  values  for  Basis  ‘A*  or  *B’ . 

In  general  the  data  basis  used  on  any  chart  is  shown  at  the  top  of  the  chart,  but 
special  attention  must  be  paid  to  footnotes  which  sometimes  indicate  a  different  data 
basis  for  some  particular  part  of  the  chart. 


STATIC  PROPERTIES  CHARTS:  WROUGHT  ALLOYS 

TENSILE  AND  COMPRESSIVE  STRENGTHS 

The  symbol  Fty  denotes  the  0.  2  per  cent  off-set  yield  stress  in  teusicn.  In  the 
United  States  this  is  generally  termed  the  *yield  stress  in  tension’.  Similarly,  Fcy 
is  the  0.2  per  cent  yield  stress  in  compression  or  the  *yield  stress  in  compression’. 

The  sub-headings  *L' ,  *LT’  and  ‘ST  used  with  the  tensile  and  compressive  strengths 
on  the  Static  Properties  charts  refer  to  the  longitudinal,  long  transverse  and  short 
transverse  directions  respectively. 

The  form  and  dimensions  of  the  specimens  used  to  determine  the  tensile  and  compres¬ 
sive  strengths  are  in  accordance  with  the  requirements  of  Federal  Test  Specification 
QQ-M-151a  which  may  be  obtained  from  the  General  Services  Administration,  Washington 
D.  C.  The  yield  strength  is  determined  by  the  off-set  or  extension-under-load  methods. 


STRAIN  RATES 

Data  on  the  Static  Properties  charts  are  based  on  strain  rates  of  0.003  to  0.007 
inches  per  inch  per  minute  where  possible.  Where  data  are  used  which  were  obtained  at 
other  strain  rates  it  has  been  ascertained  that  the  rate  is  sufficiently  close  to  the 
0.0G3  to  0.007  range  for  strain  rate  effects  to  be  insignificant. 

ELASTIC  AND  SHEAR  MODULI 

The  sub-headings  *L’  and  *T  used  with  the  elastic  moduli  on  the  Static  Properties 
charts  refer  to  the  longitudinal  and  transverse  directions  respectively:  Although  the 
values  quoted  for  moduli  are  not  strictly  minimum  values  they  may  be  regarded  as  Data 
Basis  ‘A’  values  unless  otherwise  indicated  because  they  are  very  carefully  choser. 


Mag-Si  -Ti-Al  -U.  S. 
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ELONGATION 


The  values  of  eiocgation  given  on  the  charts  are  quoted  as  the  percentage  elongation, 
at  fracture,  over  a  gauge  length  of  2  inches.  The  tests  are  made  on  the  standard 
tension  test  specimen  appropriate  to  the  form  and  thickness  of  the  material  being 
tested  ac  indicated  In  the  Federal  Specification  QQ-M-151a.  In  general  the  elongation 
values  are  measured  in  the  longitudinal  direction.  The  values  for  the  transverse 
direction  may  be  appreciably  less.  Where  values  in  both  directions  are  known  this  is 
given  on  the  charts. 

The  elongation  values  quoted  on  the  Static  Properties  charts  are  all  to  Data  Basis  'A' . 


STATIC  PROPERTIES  CHARTS:  CAST  MAGNESIUM  ALLOYS 

Static  properties  are  given  for  separately  cast  test  specimens  (Type  of  Test  ‘a*). 
The  mechanical  properties  of  production  castings  may  be  as  low  as  75  per  cent  of  the 
tabulated  values.  Non-destructive  and  proof  testing  requirements  for  the  acceptance 
of  castings  used  in  primary,  secondary  or  non-structural  applications  are  given  in  the 
specification  M11-C-6021D  obtainable  from: 

Commander, 

Wright  Patterson  A.F.B., 

Ohio, 

Attn:  EWBFE. 

The  allowable  stresses  used  in  design  are  left  to  the  discretion  of  the  designer. 

Minimum  and  average  tensile  properties  for  specimens  cut  from  castings  are  given  in 
the  appropriate  material  specifications. 

The  form  and  dimensions  of  the  specimens  used  to  determine  the  tensile  strengths 
are  in  accordance  with  the  requirements  of  Federal  Test  Specification  QQ-M-151a. 


FATIGUE  PROPERTIES 

The  data  given  on  the  Fatigue  Properties  Charts  cover  tests  in  rotating  bending, 
reversed  flexure  and  repeated  axial  loading.  A  brief  description  of  the  various  speci¬ 
mens  tested  together  with  the  theoretics,?,  stress  concentration  factor  in  the  case  of 
notched  specimens  is  given  on  the  charts. 

For  rotating  bending,  the  tests  were  carried  out  on  R.R. Moore  rot&ting-bsam  fatigue 
machines,  using  0.3u  inch  diameter  machined  and  polished  specimens.  Die-cast  specimens 
were  cast  to  shape. 

For  reversed  flexure,  the  tests  wore  carried  out  in  Krouse  constant-deflection  type 
fatigue  testing  machines  on  0.25  inch  thick  cast  and  forged  specimens  and  0.064  inch 
thick  sheet  specimens.  Sand-cast  specimens  were  machined;  all  other  specimens  received 
no  special  surface  treatment. 


Mag-Ni-Ti-Al-U.S. 
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Hie  repeated  axial  load  teats  were  sad*  in  Krouse  direct  tension-compression  fati¬ 
gue  machines  on  0.064  inch  by  1  inch  sheet  specimens  and  0.3  inch  diameter  machined 
and  polished  sand  cast  and  extruded  sections. 

In  all  cases  the  ‘Nominal  Maximum  Stress'  quoted  on  the  charts  is  the  maximum 
stress  across  the  critical  section  of  the  specimen  determined  at  the  maximum  load  of 
the  fatigue  cycle,  without  correction  for  stress  concentration  effects.  The  Stress 
Ratio  quoted  on  the  charts  is  the  ratio  minimum  to  maximum  stress  during  the  fatigue 
cycle  with  compressive  stress  being  taken  negative  and  tensile  stress  positive.  It 
should  be  noted  that  there  is  always  a  wide  scatter  of  results  with  tests  of  this  type, 
and  the  values  given  on  the  charts  represent  mean  lines  through  the  scatter  bands 
except  for  magnesium  alloys  where  the  upper  and  lower  limits  of  scatter  are  given. 


ELEVATED  TEMPERATURE  DATA 

On  these  charts  the  data  are  presented  as  percentages  of  the  appropriate  room 
temperature  values,  which  are  indicated  when  known  in  brackets  at  the  head  of  the 
column.  The  data  have  been  obtained  from  uncoat  ad  specimens  heated  in  air. 

Except  for  details  of  the  gripped  portion,  specimens  used  for  the  elevated  tempera¬ 
ture  tests  are  similar  in  dimensions  to  those  used  for  the  corresponding  room  tempera¬ 
ture  tests. 


PROPERTIES  UNDER  LOAD  AND  ELEVATED  TEMPERATURE:  CREEP  DATA 

On  these  charts  the  data  are  presented  in  the  form  of  the  stress  required,  as  a 
percentage  of  room  temperature  Ftu,  to  produce  a  given  total  deformation  at  a  given 
temperature  in  a  given  time. 

Total  deformation  is  defined  as  the  total  strain  at  any  given  time,  including 
initial  strain  but  not  including  thermal  expansion.  This  may  be  used  to  estimate  the 
deformation  or  deflection  of  structural  parts. 


July  196?. 
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46  46  45  45 


SO  SO  i  49  49 

i 


32  32  31  30 


44  44  43  42 


49  49  48  48 


28  27  25  24 


41  41  39  38 


29 

29 

28 

45 

45 

45 

48 

48 

48 

24 

22 

19 

35 

32 

29 

42 

39 

36 

18 

15 

14 

26 

22 

19 

o  o  5 

o  o  2 

N  O  2 


78°F) 


28  27  27 


44  43  42 


48  48  48 


8  15  13 


27  23  20 


35  29  22 


12  9-4  7-6 


16  12 


22 

21 

20 

37 

36 

34 

45 

43 

40 

21 

18 

15 

29 

25 

21 

17 

15 

14 

29 

25 

21 

34 

29 

26 

II 

89 

71 

15 

12 

9-4 

EB 

m 


10 

8-5 

14 

10 

17 

13 

38 

3-0 

53 

41 

■■■■■ 

■■■■■ 


GENERAL  PROPERTIES 


MIA 

Magnesium  Alloy 


CHEMICAL  COMPOSITION  (per  cent) 


Form 

Mn 

Si 

Co 

Cu 

Ni 

Others 

Total 

Mg 

AH 

Forms 

12 

Min. 

030 

Max. 

014 

Max. 

005 

Mat. 

001 

Max. 

0  30 

Max. 

Remainder 

PHYSICAL  PROPERTIES 


Property 

Units 

Condition 

Temperature  °C 

20 

100 

200 

300 

400 

to 

1-75 

C 

cal/(gm°C) 

0  25 

K 

cal.cm.^cm.  eac.'c) 

0-302 

0-302 

0  302 

(i) 

a 

per°CxlO"# 

25 

■ 

€ 

(I)  Between  I8*C  and  temperature  indicated. 


Extrudtd  bars,  rod  Extrudod  Extrodsd  p  . 
and  solid  shapss.  hollow  shops*  tubss _ 


STATIC  PROPERTIES 

(SHEET  2  ) 


MIA 

Magntsium  Alloy 


Date  July  'ci 


STATIC  PROPERTIES 

(SHEET  ) 


U.S. 

ZK60A 

Magnesium  Alloy 


8  340U  *ooj 


Dot*  jiA.'f  »*t 


FATIGUE  PROPERTIES 


U.S. 

ZK60A 

Magnesium  Alloy 


Dot#  JULY  '61 


GENERAL  PROPERTIES 


AM  1 00 A 

Magnesium  Alloy 


CHEMICAL  COMPOSITION  (per  cent) 


Form 

Al 

1 

Zn 

I 

Si 

Mn 

Cu 

Mi 

Castings 

9-3 

0-30 

0-30 

o 

6 

010 

001 

.0-7 

Mox. 

Max. 

|  Min. 

Max. 

Max. 

Others 

Mg 

0-30 

Max. 

Ramaindtr 

PHYSICAL  PROPERTIES 


Property 


Units  Condition 


Temperature  °C 


too 


tm/enf 


l/(gm°c) 


cal.cm^cm*  mc.  *c) 


per°CxlO*# 


Oat#  JW.'f  ‘*t  *P*»L*4* 


GENERAL  PROPERTIES  inconel  X. 

Nickel  Alloy 


CHEMICAL  COMPOSITION  (per  cent) 


Form 

C 

Mn 

B 

s 

Cr 

Co 

Ti 

Cu 

Al 

Fe 

Cb 

(Nb) 

■ 

All 

Forms 

0  08 

Max. 

001 

Max. 

(4-0 

170 

10 

Max. 

225 

2-75 

0-50 

Max. 

0-40 

100 

500 

9-00 

0-70 

1-20 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

PHYSICAL  PROPERTIES 


Property 

Units 

Condition 

Temperature  #C 

20 

200 

400 

600 

800 

(l) 

'""/cm’ 

Fully  HT 

8  25 

8  20 

8-11 

8  04 

7  94 

C 

cal/(?m°C) 

Fully  HT 

0-103 

0-116 

0-124 

0-133 

0  157 

K 

cal.cm^(cm*  mc.  *c] 

Fully  HT 

0-028 

0  034 

0-040 

0-047 

0  054 

a 

per#CxlO*e 

Fully  HT 

!2-4 

12-9 

13-8 

14-9 

16-2 

€ 

per  cent 

Oxydisad  Surfaca 

12 

13 

15 

18 

26 

As  Ractived,Clwn«d 

9 

115 

14-5 

18 

22 

Polishtd. 

6 

8 

n-5 

16 

19 

Total  Hsmisptiaricel 
oftor  30min.  Oxy- 
di  sat  I  on  at  2000T 

9 

9 

9 

(I)  Dynamic  modulut.  Data  8a*j». 


IM.  No. 


Oofs  AUG  62 


PROPERTIES  UNDER  LOAD 
AND  ELEVATED  TEMPERATURE 

(SHEET  ) 


Units:  hours,  °F 


U.S. 

Inconel  X 

Nickel  Alloy 


Dote  Basis: C 


CREEP  DATA 


Form 

Bar 

Sheet 

Condition 

|  Fully  heat  treated 

'  i  i  i — i — i — i — i — i — i — -i — i — , — i — , — ~ — 1 

Total 
Ooformation 
Ptr  Coot 


Per  cent  Ftu 

(fju  at  R.T  =  l62xl03lb./in2) 


49  44  40 


51  46  41 


27  26  23  20 


33  32  28  22 


38  34  29  23 


17  14  9 


16  10 


Per  cent  Ftu 

(FLatR.T  =  l60xl03ib./in2) 


24  19 


33  27  19 


16  II 


18  14 


PS9B 


a— 


9  6 


HBBBW ■ 

■bbbbbB 


PROPERTIES  UNDER  LOAD 

_  -  u.S. 

AND  ELEVATED  TEMPERATURE  Inconel  X 

(sheet  2  )  Nickel  Alloy 


Units:  hours, °F  Data  Basis:  C 

MINIMUM  CREEP  RATE 


Form 

Condition 

Creep  Rate 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

a 

■ 

TIME  TO  TENSILE  FAILURE 


1600 


14 


II 


GENERAL  PROPER!!  ES 


u.s. 

COMMERCiALLY  PURE 
TITANIUM 


CHEMICAL  COMPOSITION  (per  cent) 


Form  C  N  0  H 


Bart, 

0-20 

007 

0-40 

Forgings. 

Max. 

Mo*. 

_ 

Mo*. 

HUH 


Others 

Total 

Ti 

0-60  * 

Mo*. 

Fttmcindor 

0  80 

Max. 

Rtmoindtr 

(I)  Tubing  only.  (2)  For  AMS  4901  and  Mil-T-7993  Cl.  I,  0-80  Mo*. 


PHYSICAL  PROPERTIES 


Property 

Units 

Condition 

CJ 

«m/cm5 

Ann. 

C 

"'/(om'C) 

Ann. 

Temperature 

°C 

20 

100 

200 

300 

400 

0  135 

0-143 

0  152 

0043 

0-043 

0  043 

0  041 

0-041 

0-041 

Units:  10  lb. /in.  Data  Basis:  A 


STATIC  PROPERTIES 

(SHEET  I  ) 


U.S. 

COMMERCIALLY  PURE 
TITANIUM 


Welded  tubing 

Ann. 

■ 

1 

1 

H 

_ 

1 

1 

15,500 

16,000 

■ 

1 

1 

1 

■ 

1 

1 

1 

g 

1 

1 

1 

E 

1 

1 

1 

■ 

1 

1 

1 

AMS  4941 
(Ti-40) 

■ 

1 

1 

1 

■ 

o 

a 

1 

H 

1 

1 

o 

CVJ 

1 

Sheet,  strip ,  plate. 

AMS  490! 
(Ti-70) 

■ 

1 

1 

1 

1 

1 

1 

1 

■ 

o 

so 

I 

2 

1 

1 

A 

2 

O 

if 

w  P 

2  — 
< 

g 

1 

1 

1 

1 

1 

I 

1 

i 

<0 

1 

A 

A 

1 

1 

1 

SO 

CVJ 

AMS  4902 
(Ti-40) 

■ 

1 

1 

1 

1 

1 

1 

■ 

o 

A 

1 

O 

* 

1 

1 

o 

CVJ 

1 

Mil -T- 7993 

i99Ti) 

■ 

I 

1 

1 

1 

1 

1 

1 

■ 

o 

so 

o 

so 

1 

o 

K 

o 

o 

N 

CVJ 

* 

o 

o 

1 

1 

*>»■* 

P 

♦ 

o> 

o> 

■ 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

■ 

o 

<0 

o 

(0 

1 

o 

to 

o 

tn 

i 

o 

to 

<o 

to 

<n 

<j> 

(VI 

SO 

1 

1 

Form 

Specification 

Condition 

Thickness  (in.) 

•J 

b- 

_J 

Ll 

H- 

</> 

3 

-J 

♦ 

Ll. 

o 

U. 

-J 

>* 

uT 

H 

V) 

_ 

to 

iL 

p 

«e 

U, 

to 

N 

Li 

o 

CVJ 

n 

a 

9 

km 

■o 

L 

A 

* 

a 

U 

o 

J* 

«e 

• 

O 

c 

•• 

o 

£ 

SOJOUJOOJ 

1 

1 

1 

1 

1 

i 

1 

1 

i 

1 

1 

1 

i 

1 

1 

1 

| 

1 

1 

1 

tf> 

0> 

M 


K 

P 


£ 


10 


o 

00 

« 


o 

E 


or 


Specification 


STATIC  PROPERTIES 

(SHEET  2  ) 


U.S. 

COMMERCIALLY  PURE 
TITANIUM 


Units:  I03lb. /in2  Data  Basis:  A 

1 

1 

1 

1 

1 

1 

1 

1 

1 

I 

1 

15,500 

I 

1 

1 

1 

1 

1 

1 

1 

1 

1 

r 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

I 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

r 

1 

! 

1 

1 

1 

1 

i 

I 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

l 

1 

1 

Bar,  Forgings 

_ 

Mil-T-9047  Ct.1  ;AMS  4921 

99  Ti;  Ti  -70 

c 

c 

< 

ro 

VI 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

' 

1 

. 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

0 

CO 

0 

CO 

0 

N 

0 

1 

1 

1 

1 

1 

1 

1 

1 

1 

«2 

1 

Form 

Specification 

I 

Thickness  (in.) 

O 

• 

</> 

1 

a 

S? 

o* 

-J 

li 

»- 

3 

lT 

L 

K 

>» 

L 

0 

u. 

L 

>* 

O 

to 

0 

iL 

Ui 

O 

Ui 

O 

41 

* 

• 

0 

c 

**• 

0 

£ 

8  9  40  LI  40 OJ 

1 

l 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

PROPERTIES  UNDER  LOAD 
AND  ELEVATED  TEMPERATURE 

(SHEET  ) 


Units:  hours, °F,  IOsib./in2 


u.s. 

Commtrciolly  Pur* 
Titanium 


Data  Basis:  C 


CREEP  DATA 


Form 

Ti-  70  Sheet 

Condition 

Ann. 

1200 


Total  (I) 
D  •formation 
Par  Cant 


O  —  « 

59O0 

60666 


Per  Cent  F  (90  at  Room  Temperature) 


33 

33 

32 

34 

34 

33 

34 

34 

34 

36 

36 

35 

27 

27 

27 

30 

29 

28 

33 

31 

29 

20  19  19  17  14  13  12  12  II 


20  20  20  18  16  14  13  12  12 


20  20  20  19  18  16  14  13  12 


2!  20  20  19  17  14  13  13  12 


8-5  7-2  |  5-2 1  4-3 1 3-9  j  3-6 


10  9-3  8-5  70  5-6  4-6  3-9  3-6 


10  9-9  9-4  8-3  6-5  5-3  4-2  3-8  3-5 


mm 


10  9-8  8-9  7-6 


(I)  including  thermal  expansion  and  elastic  extension. 


GENERAL  PROPERTIES 


u.  s. 

8  Mn 

Titanium  Alloy 


CHEMICAL  COMPOSITION  (percent) 


Form 

Mn 

c 

D 

N 

H 

■ 

■ 

■ 

Others 

Ti 

Shut,  Strip 
and  Plat*. 

EH 

0-20 

Max. 

020 

Max. 

007 

Max. 

0-015 

Max. 

■ 

■ 

■ 

■ 

060 

Max. 

Rtmaindtr 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

PHYSICAL  PROPERTIES 


Property 

Units 

Condition 

Temperature  °C 

20 

200 

400 

600 

800 

oj 

'""/cm5 

4-74 

C 

co%m°C) 

0  118 

0-14 

0  155 

018 

0-21 

K 

cal.cm^cm*  s*c-  *c) 

0-026 

0-031 

0  036 

0  042 

0) 

a 

per°CxlO'6 

91 

10-1 

11-2 

12  4 

€ 

(I)  room  ttmp*ratur*  and  t*mp*rotur*  indicated. 


Form  Sheet,  Strip  and  Plate. 


STATIC  PROPERTIES 

(SHEET  ) 


8Mn 

Titanium  Alloy 


S94OU4OQJ 


Footnotes 


Footnotes 


i*s.  No. 


GENERAL  PROPERTIES 


U.S. 

4Al-4Mn 

Titanium  Alloy 


CHEMICAL  COMPOSITION  ( per  cent) 


Form 

— 

Al 

Mn 

Fe 

0 

c 

N 

H 

■ 

■ 

■ 

Others 

Ti 

Bars  and 
Forgings 

Q9 

i 

0-5 

Max. 

020 

Max. 

015 

Max. 

0  07 

Max. 

■ 

■ 

■ 

0  40 

Max. 

Rtmaindtr 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

PHYSICAL  PROPERTIES 


Property 

Units 

Condition 

Temperature  ®C 

20 

200 

400 

600 

800 

cj 

gm/cm5 

fl 

C 

cal/(gm°C) 

013 

0  14 

0155 

0175 

0  195 

K 

cal.cm.Jjpm*  sac.  *c) 

0  0165 

0  022 

0  029 

0036 

0  045 

(i) 

a 

per°CxlO~* 

8*9 

9  3 

9-9 

10-4 

€ 

room  tamparatur*  and  tamparatura  indicated. 


Specification  Mil-T-9047  Cl.6; AMS  4925 


Daft  ! aug .  *cz 


FATIGUE 

PROPERTIES 

U.S. 

4AI-4Mn 

Titanium  Alloy. 

• 

M 

a> 

N 

O 

3 

E 

5 

U> 

to 

801 

45 

86 

o 

<0 

a 

ID 

CO 

; 

m 

a> 

>s 

O 

O 

2 

o 

to 

O 

CO 

m 

O 

"a 

c 

108 

40 

_ 1 

CM 

tO 

w»  _ 

v>  jo 

tt  *- 

t_  o 

a: 


<  ur 


<s  = 

^  ur 


I 


(§  ^(T)  £§ 


S3  JOU  JOOJ 


Footnot** 


Units:  hours,  °F.,  10  Ib./in.  Data  Basis: C 


SHORT  TIME  PROPERTIES 
AT  ELEVATED  TEMPERATURE 

(SHEET  ) 


i  t  r> 


4AI-4Mn 

Titanium  Alloy 


£&. 

,  *V 

“S 


AuO  '62 


PROPERTIES  UNDER  LOAD 
AND  ELEVATED  TEMPERATURE 

(SHEET  ) 


I  I  G 
w.u. 


4Al-4Mn 

Titanium  Alloy 


Data  Basis:  C 


Units:  I0slb./in?  Data  Basis:  A 


STATIC  PROPERTIES 

(SHEET  I  ) 


U.S. 

6AI-4V 

Titanium  Alloy 


July  lei 


Units:  hours,  °F  Data  Basis.C 


SHORT  TIME  PROPERTIES 
at  ELEVATED  TEMPERATURE 

(SHEET  ) 


U.S. 

6AI-4V 

Titanium  Alloy 


EXPOSURE  TO 


tUrERHES  AFTER 


'ATED  TEMPERATURE 


